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PREFACE  TO  THE  FIRST  EDITION 


Although  Hie  subject  of  the  optical  rotating  power  of  organic 
substances,  in  theoretical  as  well-  as,  in  practical  relations,  has 
been  growing  in  importance  for  a  long  time,  chemical  litera- 
ture possesses  thus  far  no  work  which  presents  fe.  complete  dis- 
cussion of  the  whole  field,  and  studies  in  this  line  may  be  car- 
ried out  only  by  the  aid  of  articles  scattered  through  the  jour- 
nals. I  have  attempted  in  the  present  book  to  supply  the 
want  in  this  direction,  and  the  incentive  to  the  work  was  fur- 
nished by  an  article  which  I  published  some  time  since  in  I/ie- 
big's  Annalcn  dcr  Chemie^  Vol.  189.  This  article  dealt  with 
the  determination  of  the  specific  rotation  of  solid  substances, 
and  was  introduced  by  a  short  general  discussion  of  optical 
activity.  From  several  quarters  I  was  urged  to  enlarge  the 
article,  and,  especially  by  the  addition  of  a  description  of  all 
the  new  polarization  instruments  and  the  practical  uses  which 
may  be  made  of  them,  to  work  up  a  monograph  as  complete 
as  possible  of  the  subject  of  optical  rotation.  Such  an  under- 
taking appears  all  the  more  inviting  since  in  the  last  few  years 
different  observers  have  carried  out  investigations  in  this  field 
which  have  increased  our  knowledge  considerably,  and  which 
make  it  possible  to  give  a  certain  degree  of  completeness  to  the 
treatment  of  the  subject. 

From  a  theoretical  standpoint  the  optical  activity  of  organic 
substances  possesses  this  great  interest,  that  it  is  a  consequence 
of  a  peculiar  arrangement  of  the  atoms  within  the  chemical 
molecule,  and  therefore  stands  in  close  relation  to  the  question 
of  constitution.  However,  we  are  just  at  the  beginning  of 
investigations  of  the  relations  between  rotating  power  and 
•chemical  structure,  and  for  future  study  there ,  is  material  at 
hand  abundant  and  full  of  promise.  To  lessen  the  labor  in 
work  of  this  kind,  especially  in  such  cases  where  results  may 
be  obtained  only  by  aid  of  exact  measurements,  it  became  nee- 
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essary  to  go  fully  into  the  discussion  of  the  methods  for  the 
determination  of  specific  rotation.  Therefore,  the  use  of  the 
different  kinds  of  polarization  instruments  called  for  detailed 
treatment,  and  besides  this  the  determination  of  other  experi- 
mental data,  the  specific  gravity,  for  example,  should  be  ex- 
plained In  this  work  I  have  taken  pains  to  give  methods  of 
the  greatest  possible  exactness  and  to  indicate  always  the  limits 
of  accuiacy  which  may  be  reached  in  the  numerical  results  If 
for  any  special  purpose  less  rigid  care  is  permissible  in  work 
the  observer  will  see  for  himself  how  the  procedure  may  be 
simplified. 

In  a  practical  direction,  as  is  well  known,  optical  rotation 
has  long  since  found  an  important  application  in  the  determi- 
nation of  sugar ;  and  recently  the  optical  analysis  of  other  sub- 
stances, especially  that  of  the  cinchona  alkaloids,  has  been  also 
developed.  The  methods  applied  in  such  cases  aie  fully  dis- 
cussed in  the  book ;  for  the  sugar  chemist  the  description  of 
the  various  saccharimeters  and  the  corrections  which  must  be 
applied  m  using  them  may  be  of  interest,  and  in  part  new 

The  optical  introduction,  which  possibly  may  be  of  interest 
to  many  chemists,  has  been  kept  as  concise  and  elementary  as 
possible.  I  have  also  touched  but  briefly  on  the  relations  be- 
tween crystalline  form  and  rotating  power,  a&  this  topic  ap- 
pears to  belong  in  the  field  of  physical  crystallography 

Finally,  the  table  of  contents  gives  full  information  concern- 
ing the  subjects  treated.  HANS  I/ANDOI/F. 

AACHKN,  Jnmiaiy,  1879. 


PREFACE  TO  THE  SECOND  EDITION 

The  first  edition  of  this  work,  which  appeared  in  1879,  pre- 
sented a  general  view  of  our  knowledge  of  optical  rotation  as 
it  existed  at  that  time.  Now,  after  the  lapse  of  eighteen  yeais, 
when  a  new  edition  corresponding  to  our  present  position  is 
called  for,  we  have  to  deal  with  a  task  of  entirely  different  di- 
mensions. The  progress  which  has  been  made  in  the  last  two 
decades  in  the  field  of  optical  activity  rests,  so  far  as  the  theo- 
retical side  is  concerned,  mainly  upon  the  great  interest  aroused 
among  chemists  by  the  hypothesis  of  van't  Hoff  and  lyeBel  on 
the  relation  between  rotating  power  and  the  atomic  structure 
of  carbon  compounds.  Since  1879,  when  this  doctrine  was 
.still  in  its  infancy,  numerous  investigations  suggested  by  it 
have  been  carried  out,  the  results  of  which  have  abundantly 
confirmed  the  theoretical  requirements  in  all  cases,  so  that  to- 
day the  theoiy  may  be  piesented  in  complete  and  fully  devel- 
oped form  A  niaiked  widening  of  our  knowledge  may  be 
observed  in  othci  dncctions  also  ;  for  example,  with  reference 
to  multirotation,  the  causes  of  variation  in  specific  rotation, 
rotation  dispeision,  etc  In  a  piactical  direction  pi  ogress  has 
been  made  in  the  impiovement  of  polan/ation  apparatus  and 
m  the  development  of  methods  of  optical  analysis  In  addi- 
tion, the  number  of  optically  active  substances  known  has  in- 
creased since  1879  fiom  300  to  over  700 

From  the  whole  uinge  of  material  now  available  I  have 
worked  up  certain  parts  only  myself,  which  are  in  bnef,  the 
subjects  discussed  in  the  following  theoretical  portions  of  the 
book . 

Part  I.  General  Conditions  of  Optical  Activity. 
Part  II.  Physical  Ivaws  of  Circular  Polarixation . 
Part  III    Numerical  Values  for  the  Rotating  Power.    Spe- 
cific Rotation. 

In  a  section  of  Part  I  dealing  with  the  decomposition  of  ra- 
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cemic  bodies  by  fungi  I  have  received  valuable  assistance  from 
Herrn  Prof.  Dr.  P.  Lindner,  Department  Director  of  the  In- 
stitute for  Fermentation  Industries  in  Berlin  ,  he  has  had  the 
kindness  to  prepare  a  chapter  on  the  subject  of  the  fungi  and 
the  forms  suitable  for  resolution,  the  methods  of  pure  culture 
and  experiments  in  resolution.  I  am  no  less  indebted  to  Dr. 
W.  Marckwald  and  Prof.  Dr.  H.  Traube,  who  have  rendered 
me  assistance  in  many  questions  of  steieochemistry  and  crys- 
tallography. 

In  order  to  secure  a  more  rapid  completion  of  the  following 
parts  of  the  book  I  was  obliged  to  seek  the  cooperation  of 
others,  and  to  the  extent  as  now  to  be  explained 

Part  IV  ' '  Apparatus  and  Methods  for  the  Determination 
of  Specific  Rotation,"  by  Dr.  O.  Schbnrock,  Assistant  in  the 
Physikalisch-Techuischen  Reichsanstalt  Thi»s  section  pre- 
sents, first,  a  description  of  the  different  polariscopes  and 
sacchanmeters,  which  in  the  last  few  years,  and  especially 
through  the  work  of  Lippich,  have  reached  such  a  degree  of 
perfection  that  they  may  now  be  classed  among  the  most  ex- 
act of  instruments  for  physical  measurements.  In  order  to 
understand  these  instruments  and  the  methods  of  using  them, 
it  was  necessary  to  discuss,  not  only  their  construction,  but 
also,  especially,  the  optical  theory  on  which  their  use  is  based, 
and  it  was  further  necessary  to  go  into  an  accurate  definition 
of  the  kinds  of  light  employed  in  determining  angles  of  rota- 
tion, particularly  the  sodium  light.  The  author  has  discussed 
this  subject  in  detail  which  had  never  before  been  handled  as 
a  connected  whole.  This  was  all  the  more  desk  able  vSince  there 
can  be  no  doubt  that  the  marked  discrepancies  found  in  the 
determination  of  the  specific  rotation  of  the  same  substance  by 
different  observers  do  not  always  depend  on  impurities  in  the 
material  used,  but  very  largely  on  improper  manipulation  of 
the  polanscope,  or  on  variations  in  the  character  of  the  sodium 
light  employed.  It  may  be  further  remarked  here  that  a  con- 
sideration of  these  sources  of  error  carries  with  it  no  increased 
difficulty  in  the  methods  of  observation,  as  one  might,  at  fiist 
thought,  assume 

The  section  embraces  in  addition  a  discussion  of  all  known 
methods  for  determination  of  rotation  dispersion,  a  subject 
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which  up  to  the  present  time,  has  not  been  covered  m  its  re- 
lated bearings.  Finally,  the  chapters  on  sodium  lamps  and 
polarization  tubes  follow,  and  something  on  the  preparation  of 
solutions  and  the  determination  of  specific  gravity,  which,  as 
compared  with  the  corresponding  parts  of  the  earlier  edition, 
are  greatly  enlarged 

In  the  preparation  of  this  whole  section  the  author  was  in 
position  to  make  use  of  the  experience  gained  in  many  investi- 
gations of  the  Physikalisch-Technischen  Reichsanstalt. 

PartV.  "  The  Practical  Applications  of  Optical  Rotation" 
was  written  by  Dr.  F  Schutt,  Royal  Councilor  and  Permanent 
member  of  the  Patent  Office.  As  regards  saccharimetry,  which 
makes  up  the  larger  part  of  the  section,  it  may  be  remaiked 
that  it  was  considered  the  most  satisfactory  to  follow  the 
methods  officially  adopted  in  the  German  Sugar  Tax  Law  of 
May  27,  1896,  and  to  present  these  literally.  Among  other 
methods  of  polanmetric  analysis  those  concerned  with  the  de- 
termination of  cinchona  alkaloids  are  shortened  as  compaied 
with  what  was  given  in  the  first  edition,  while,  on  the  other 
hand,  some  new  methods  have  been  added. 

Part  VI.  ' '  The  Constants  of  Rotation  of  Active  Bodies ' ' 
has  been  compiled  mainly  by  Dr.  I/  Bernclt  and  Dr  Th  Pos- 
ner,  formerly  assistants  in  the  II  Chemical  Laboratory  ol  the 
Berlin  University.  The  section  on  ethereal  oils  was  prepared 
by  Dr  Rimbach,  and  Prof  Dr.  Thierfelcler  had  the  kindness 
to  assist  in  securing  the  data  on  bile  acids  and  proteicls  A 
few  chapters  remained  in  my  hands. 

In  the  preparation  of  this  collection  of  experimental  data  it 
was  not  found  possible  to  include  all  the  statements  given  in 
the  literature,  as  tins  would  have  unduly  increased  the  sixe 
of  this  part  of  the  work.  It  was  sufficient  in  many  cases  to 
quote  observations  in  part  and  icier  in  a  note  to  the  original 
articles.  For  the  same  reason  any  data  on  the  methods  of  prep- 
aration of  the  substances  observed  had  to  be  omitted,  although 
such  information  might  often  have  been  found  valuable.  The 
search  through  the  literature,  in  which,  however,  the  possi- 
bility of  overlooking  certain  data  could  not  be  wholly  excluded, 
was  complete  to  about  the  middle  of  1896.  From  that  date  it 
was  only  partial.  In  arranging  the  substances  in  order  the 
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most  consistent  system  may  not  always  have  been  followed, 
but  by  aid  of  the  alphabetical  index  it  will  be  possible  to  find 
any  body  described 

It  is  hoped  that  the  work  m  this  new  edition  also  will  fill  its 
place  as  a  text-  and  handbook  in  presenting  a  complete  re'sume' 
of  our  knowledge  on  the  subject  of  optical  rotation. 

H.  lyANDOI/T. 
BERLIN,  December,  1897 


TRANSLATOR'S  PREFACE 

The  two  editions  of  this  work  which  appeared  in  Germany 
in  1879  and  1898  enjoyed  there  a  great  and  well-deserved  pop- 
ularity. A  translation  of  the  first  edition  was  brought  out  in 
England  in  1882,  under  the  title:  "  Handbook  of  the  Polans- 
cope  and  Its  Piactical  Applications,"  and  contributed  not  a 
little  to  the  advance  of  methods  of  optical  analysivS  in  that 
countiy  and  the  United  States  Both  the  original  edition  and 
this  translation  have  been,  however,  long  out  of  print 

The  scope  of  the  second  edition,  a  translation  of  which  I  have 
llu-  honor  of  presenting  to  American  and  English  readers,  is 
much  widei  than  that  of  the  first ;  the  main  points  ol  differ- 
ence me  made  plain  in  the  author's  preface,  but  attention  may 
be  called  to  the  fact  that  the  detailed  discussions  in  Sections 
IV  and  V  of  Part  I  on  the  iclations  bet  ween  the  rotating  powei 
and  the  chemical  constitution  of  carbon  compounds,  along  with 
the  full  numeiical  data  on  constants  of  lotation,  etc  ,  render 
the  woik  of  the  highest  value  to  mvestigatois  in  many  fields 
of  pure  organic  chemistry  Some  of  the  most  important  ad- 
vances in  this  dnectiou  are  those  which  have  been  made  in  the 
methods  for  the  resolution  of  lacemic  compounds  This  sub- 
ject is  thoroughly  treated  by  the  authoi,  and  permission  was 
also  given  to  include  still  more  recent  work  in  the  Knghsh 
edition.  The  sections  which  I  have  added  in  this  connection 
relate  to  the  resolution  of  asymmetric  nitiogcn  and  sulphur 
compounds  and  to  several  new  general  processes  of  resolution 

I  have  made  also  many  additions  lo  the  numerical  values  in 
Part  VI,  on  Constants  of  Rotation  The  data  for  a  few  of 
these  were  sent  me  by  the  author,  while  the  others  were  taken 
from  the  journals  of  the  three  years  following  the  publication 
of  the  German  text. 

By  an  arrangement  between  the  publishers,  the  cuts  for  the 
illustrations  of  the  original  work  become  the  property  of  the 
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American  publisher  and  are  used  in  the  translation  This  will 
account  for  the  appearance  of  some  German  words  in  connec- 
tion with  a  few  of  the  illustrations 

In  conclusion  I  wish  to  acknowledge  my  indebtedness  to  my 
colleagues,  Professors  Crew  and  Dains,  of  Northwestern  Uni- 
versity, and  to  Dr.  H.  W.  Wiley,  of  Washington,  for  several 
suggestions  of  value,  and  to  my  assistant,  Mr.  Frank  Wright, 
for  help  in  the  reading  of  proof 

J.  H.  I.ONG 

CHICAGO,  January,  1902 


TABLE  OF  CONTENTS 


P*f\JE*.T 

GENERAL  CONDITIONS  OF  OPTICAL  ACTIVITY 
I.     Introduction,  Definitions  and  Formulas  of  Calculation 

I    Active  Bodies    ......................................  i 

2.  Measure  of  Rotating  Power,  Specific  Rotation  ............  2 

3.  Molecular  Rotation  ..............................  6 

4.  Historical  ................................  6 

II.    Classification  of  Active  Substances 

5.  Prehmmaiy  Remarks     Relation  of  Crystalline  Form  to  Rota- 

tion   ...................................  7 

6.  First  Class     Bodies  which  Possess  the  Power  of  Rotating  the 

Plane  of  Polarized  Light  in  the  Crystal  Condition  only    ----  9 

List  of  Bodies  in  this  Class    ..................  9  and  13 

Behavior  of  Crystalline  Mixtures  ....................  it 

Behavior  of  Active  Crystals  in  Powdered  Condition  ......  n 

7    Second  Class.     Bodies  which  Rotate  in  both  Crystalline  and 

Amorphous  Form  ...............................  14 

8.  Third  Class.     Bodies  which  are  Active  in  Amorphous  Condi- 

dition  only  (natural  liquids  or  solutions)  ........  .18 

List  of  Active  Carbon  Compounds 

1  Hydrocarbons     ........................  19 

2  Monohydnc  Alcohols  and  Derivatives     ....         .....  19 

3  I  hhydi  ic  Alcohols  and  Derivatives  ..............  20 

4  Trihydnc  and  Tetrahydnc  Alcohols  .........  20 

5  Pentahydric  Alcohols     ......................  20 

6.  Hexahydnc  Alcohols  ...................  20 

7.  Heptahydnc  Alcohols  ..................  2I 

8.  Octahydi  ic  Alcohols  ................              .....  2I 

9.  Nonahydnc  Alcohols  ...................  2I 

10.  Acids  with  2  Atoms  of  Oxygen  and  Derivatives        ....  21 

ti.  "         3 


12.  u         4 

13-  "         5 

14.  "         6 

15.  "         7 

16.  "         8 

17  Acids  with  More  than  8  Atoms  of  Oxygen  and  Denva- 


21 
22 
23 
24 
24 

25 


Xll 


1  8   Oxyaldehydes,  Aldoses,  Aldehyde  Su^us  ............     3ft 

19  Oxyketones.,  Ketoses,  Kelone  Sugai  s  ................     -'^ 

20  Disaccharides    ...............................  .  •  •  •  •     *• 


22    Polysacchandes     ..........................     *  t 


21  Tnsacchandes 

22  Polysacchande 

23  Carbohydrates    .............................  * 

24  Gums    ..............................  *  '   "  "' 

*i^i 

25  Pectm  Bodies  ....................................  n 

26  Alcohols  and  Acids  of  Unknown  Sti  ucture  .............  •*» 

27.  Terpenes  ..................................  •*' 

28  Camphors  and  Dei  natives  ......................  3° 

29  Etheieal  Oils,  Essential  Oils     .................  M 

30  Resin  Acids  .                 .............................  .M 

31  Aromatic  Amines  ........  •     ....................  U 

32  Alkaloids  ......  •  ...........................  U 

33  Glucosides       ...............................  V» 

34  Bitter  Principles,  Coloring-Matters  ...............  •  •  •  •  •  ,*7 

35  Bile  Acids    ...................  •  ..............  i/" 

36  Protein  Substances    .............  «  ..............  Vs 

37  Derivatives  of  Asymmetiic  Nitrogen     •  .......  ........  38 

38  Derivatives  of  Asymmeti  ic  Sulphur  ....................  ^H 

Enumeration  of  Active  Bodies     .....................  3«S 

III.    Nature  of  the  Rotating  Power 

$      9    Distinction  between  Crystal  Rotation  and  Liquid  RoUUou. 

Rotation  of  Vapois,     Moleculai  Rotation  ..........  •  ......  34 

^     10    Optical  Theory  of  Cucular  Polan/titioii  in  (Juui  I/  ............  J  t 

$     ii    Optical  Constitution  of  Active  Liquid  Substances  .  ........  n 

^     12    Investigations  ot  Pastern      Molecular  Asymmcti  v  .........  14 

IV.    Relations  between  Rotating  Power  and  Chemical 
Constitution  of  Carbon  Compounds 

%     13    van  't  Hoff-LeBel  Theory  .....................  [j 

$     14   Asymmetric  Nitiogen  and  Sulphui   ................  $1 

V.    Optical  Modifications 

f     15    General  Remaiks      ...........................  ..  .....  «,} 

A   Calculation  of  Number  of  Optical  Modifications  of  a  Compound 

from  the  Number  of  Asymmetric  Carbons  Atoms  in  It 

^     16    Nuniencal  Results  ..............  .  ..................  ^ 

B.  Physical  and  Chemical  Behavior  of  the  Optical  Modifications 

a     fielwiriar  of  the  Atthpode\ 

$     17    Physical  Pi  operties  ......................................  ^ 

'4     18    Different  Behavioi  of  the  Antipodes  on  Coinbinutinii  with 

Active  Substances  .......................................  i»S 

%     19.  Physiological  Diffeiencea  between  the  Antipodes  ............  71 


OF  CONTENTS 


b     Pi  operhe*  of  Racemii  Compounds  and  Distinction*  between 
Them  and  Active  Modifications 

I    Crystallised  Raceimc  Compounds  /* 

\    20    Molecular  Weight  .........     •   ................  •    •»"%•     77 

I    21    Crystalline  Form  and  Water  of  Crystallization  ..............     7$ 

9     22    Density  .........................................     79 

I    23.  Solubility  .....  .........................  80 

?     24    Meltmg-Pomt  ...............................     83 

2.  Liquid  Racemic  Compounds 

#  25    Are  These  to  be  Considered  as  Compounds  or  Mixtures    .     .  •     <Sfi 

#  26.  Results  of  Discussion  .........         ..............     % 

C.  Formation  of  Racemic  Bodies 

^  27.  Production  of  Racemic  Bodies  by  Combination  of  the  Anti- 

podes. Transition  Temperatuie  ....................  •  9° 

?  28.  Production  of  Racemic  Bodies  ftoiii  One  of  the  Active  Forms 

by  Heat  ....................  •  .....  9^ 

#  29    Racenu/ation  by  Conveision  of  Asymmetiic  Bodies  into  Asym- 

nieti  ic  Derivatives  .       ..  .........  •  ........     9^ 

^  30  Pioduction  of  Racemic  CompoundvS  by  Convetsion  of  Sym- 

metric Bodies  into  Asymmetiic    ................     97 

%  31  Racemic  Compounds  fioni  Right-  and  Left-  Rotating  Isomeis 

of  Diffetent  CoiifLgiuatious  ..............     9>S 

D.  Resolution  of  Racemic  Bodies 

t    32    T    Resolution  by  Ciystalh/ation,  Spontcineous  Resolution  .   •     99 
4     33    2    Resolution  by  Active  Compounds     ......         •    •       •    n>2 

a    Resolution  of  Racemic  Acids  by  Alkaloids  ......    10^ 

b    Resolution  of  Racemic  Bases  by  Tartiinc  Acid      •      •     •    i  m 
t    Resolution  b}  Stronger  Acids          .  .  •  •       •  •    1  1  3 

Resolution  by  Kstei  ificatiou  01  Snpomficntion  .  ..  .     -115 

'4     34    3    Resolution  by  Aid  oi  Fungi,  and  Data  on  the  Fungi  Suita- 

ble for  Resolution    -   .       •  ......         .....    117 

List  of  Active  Poinih  Obtained  by  Aid  of  Fungi  •     .127 

E     Formation  of  Active  Isomers 
^    35-  T    From  Inactive  Matei  lals     Attificial  Piepaiation  ol  Activt' 

Coni])oundb  •       •       ••         ....         ............    130 

^    36,  2    Fioni  Active  Materials..   ...  ...........    13^ 

'}    37-  3-  Formation   of  Active   Bodies  in  the  Animal  01  Vcgflublu 

Cell  ...........................................   )37 

F.    Transformation  of  the  Actire  Isomers 
^    38.  Reciprocal  Tiansf  01  mation  of  the  An  tipotU'.s  ......  .  ........   138 

#  39.  Reciprocal  Transfoinmtiou  of    Active  Isomers    of  Different 

Configurations  ....................................   140 


TABLE  OF  CONTENTS 

G.    Inseparable  Modifications  of  Inactive  Configuration 

g    40   Different  Classes  of  These  Bodies 14° 

0    41    Differences  in  the  Properties  of  Racemically  Inactive  and 

Structurally  Inactive  Isomers *44 


F»A)RT  SECOND 

PHYSICAL  LAWS  OF  CIRCULAR  POLARIZATION 

42    Relation  of  Rotation  to  Length  of  Column 146 

43.  Dependence  of  the  Angle  of  Rotation  on  the  Wave-Length  of 

the  Ray     Rotation  Dispersion 146 

44   Rotation  Dispersion  of  Crystals 148 

45.  Rotation  Dispersion  of  Liquids  and  Dissolved  Substances.   ..   154 

46.  Anomalous  Rotation  Dispersion • 157 


THIRD 

NUMERICAL  VALUES  FOR  THE  ROTATING  POWER. 
SPECIFIC  ROTATION 

47    Biot's  Conception  of  Specific  Rotation 165 

I,  Constant  Specific  Rotation  of  Dissolved  Substances 

48.  Onginal  Biot  Law 166 

II.  Variable  Specific  Rotation  of  Dissolved  Substances 
A     Dependence  of  the  Specific  Rotation  on  the  Concentration 

49  Recognition  of  Variation  in  Specific  Rotation 169 

50  Determination  of  True  Specific  Rotation     .  170 

51.  Reduction  Formulas     175 

52.  Experimental  Proof  of  Biot's  Formulas       176 

53  True  Specific  Rotation  of  Solid  Active  Substances 190 

54  Slight  Changes  in  Specific  Rotation  by  Variations  in  Concen- 

tration    ig4 

55.  Specific  Rotation  in  very  Dilute  Solutions          196 

56   Minimum  Value  of  Specific  Rotation    197 

57.  Reversal  in  the  Direction  of  Rotation  by  Change  in  Concen- 
tration    201 

58  Increase  or  Decrease  in  Specific  Rotation  with  Increasing  Di- 

lution of  Solutions 203 

B.    Dependence  of  the  Specific  Rotation  on  the  Nature  of  the  Solvent 

59  Specific  Rotations  in  Different  Solvents  206 

C.    Dependence  of  the  Specific  Rotation  on  the  Temperature 

60  Effect  of  Increase  of  Temperature  on  Liquid  and  Dissolved 

Active  Substances 20' 


OP  CONTENTS  xv 

D.    Causes  of  the  Changes  in  Specific  Rotation 
61    a.  Electrolytic  Dissociation  in  Aqueous  Solutions 215 

63.  b.  Formation  or  Decomposition  of  Molecular  Aggregations  of 

Simple  Structure 227 

63   c  Presence  of  Complex  Polymerized  Molecules  (Crystal  Mole- 
cules) in  the  Solution 232 

64.  d.  Combinations  of  the  Active  Body  with  the  Solvent   Hydrates  234 

65  e   Hydrolysis  • .  •  •  • 236 

66  /.  Small  Variations  in  the  Atomic  Equilibrium  of  the  Active 

Molecule 236 

E.  Specific  Rotation  of  Complex  Systems 

67.  Solutions  of  an  Active  Body  in  Two  Inactive  liquids 237 

68.  Mixtures  of  Two  Active  Liquid  Substances 240 

69.  Solutions  of  Two  Active  Bodies  in  an  Inactive  Liquid 240 

70.  Addition  of  Inactive  Bodies  to  Solutions  of  Active  Substances  243 

A.  Tartanc  Add  and  Malic  Acid 

a    Influence  of  Alkali  Salts  on  the  Rotation  of  Tartrates 243 

b    Influence  of  Boric  Acid  on  the  Rotation  of  Tartanc  Acid 246 

r.  Action  of  Molybdates  and  Tungstates  on  Tartanc  Acid 248 

d.  Action  of  Molybdates  and  Tungstates  on  Ordinary  Malic  Acid  250 

B  Sugars 
a    Changes  in  the  Rotation  of  Cane  Sugar  by  Alkalies  and  Salts  251 

b.  Dextrose  and  Calcium  Chloride 253 

c.  Action  of  Borax  on  Bodies  of  the  Mannitol  Group 253 

d.  Action  of  Acid  Sodium  and  Ammonium  Molybdate  on  Man- 

nitol, Sorbitol,  a-Mannoheptitol  and  Rhamnose 256 

F.  Multirotation 
/.  Multirotation  of  the  Sugars 

71  Prelimimuy  Remarks 257 

72  Sugars  Showing  Multirotalion 259 

73.  T*ateof  Change  in  Rotation 266 

74  (  ause  of  Multirotation  of  the  Sugars    273 

//.  Multirotation  of  Oxy acids  and  Their  Lactones 

75  General  Conditions  and  Observations 275 

///.  Mulhrotation  of  Other  Substances 

76.  Observations 

G.  Relations  Between  the  Amount  of  Rotation  and  Chemical 

Constitution 

77.  Preliminary  Remarks 2°2 

/.  Isomenc  Bodies    - 

78.  a.  Metamerism.    Structural  Isomerism a85 

79.  b.  Position  Isomerism  in  Ben?ene  Derivatives 280 


XVI  TABLE  OF  CONTENTS 

g    80    c  Stereoisomenc  Bodies 289 

//  Homologous  Series 

§    81.  Changes  in  Molecular  Rotation  by  addition  of  CHj 29" 

HI  Effect  of  Linkage  of  the  Carbon  Atoms 

\    82    a    Change  from  Single  to  Double  Bond  by  Ivoss  of  2  Atoms  of  H  293 
\    83.  6.  Change  from  Double  to  Triple  Bond  Between  Carbon  Atoms  294 
\    84    c    Change  from  Cham  Compound  to  Cyclic  Caibon  Compound  29-1 
\    85    d   Compounds  with  Several  Asymmetric  Carbon  Atoms.   Sum- 
mation of  the  Rotating  Power  of  Actrve  Groups.     Optical 
Superposition 396 

IV  Dependence  of  the  Rotating  Power  of  an  Attivc  Atotnit 
Complex  on  the  Masses  ,of  the  Four  Radicals  Joined  to 

the  Asymmetric  Carbon  Atoms   Hypothesis  ofCitye 
\    86.  Guye's  Hypothesis 299 


FOURTH 

APPARATUS  AND  METHODS  FOR  THE  DETERMI- 
NATION OF  THE  SPECIFIC  ROTATION 
\    87.  General  Conditions ,,.,..  306 

A.  Measurement  of  the  Angle  of  Rotation 

\    88    Ordinary  and  Polarized  Light w, 

\    89    Rotation  of  the  Plane  of  Polarization ^UB 

\    90.  Iceland  Spar  Prisms '^t,H 

\    91    Polarizer  and  Analyzer ln 

I    92    Polarization  Apparatus ', ,  ^ 

\    93.  Determination  of  the  Direction  and  Angle  of  Rotation 314 

a.    Polarization  Instruments 

\    94    Polarization  Apparatus  and  Saccharimeters ^  i  f, 

\    95    Construction  of  the  Polanscopes ^ 

I    96    Path  of  the  Rays  in  the  Polanscope ^,« 

i    97    Making  the  Observation p5 

a     Older  Forms  of  Apparatus 
i    Biot  (Mitscherhch)  Polanscope 

98  Description  of  the  Instrument , ^ 

99  Observation  with  Homogeneous  Light ',a-r 

2.  Robiquet's  Polanscope 

100  Description  of  the  Instrument ,3o 

101  Theory  of  the  Soleil  Double  Plate !!.'.'"'.""  ,2<s 

102  The  Observation    \\ 5  9 

3   Wild's  Polaristroboinetei 

103.  Description  of  the  Instrument 

104.  The  Observation 33 


TABLE  OP  CONTENTS  xvil 

ft.    Half-Shadow  Instruments 

\  105. '  Principle  of  the  Half-Shadow  Apparatus 335 

§  106.  Influenceof  the  Source  of  Light ".'.'.".  33s 

$  107.  Calculation  of  the  Sensitiveness 340 

$  108.  Methods  of  Observation ,4I 

\  109   Jellett's  Polariscope       ,42 

#  I  ro.  Cornu's  Polarizer 344 

^4.  Laurent's  Half-Shadow  Instrument 

k  m    Description  of  the  Apparatus 344 

$112.  Principle  of  the  Laurent  Polarizer 345 

<j  113.  Accuracy  of  the  Laurent  Apparatus „ 34g 

5.  Lippich's  Half-Shadow  Polanmeter 

$  114.  Instrument  with  Double  Field  •' 35I 

$  115.  Instrument  with  Triple  Field 354 

$  1 16    Instrument  According  to  Ltimmer  with  Quadruple  Field 556 

6.  Mechanical  Constructions  of  the  I^ippich  Polarization 
Apparatus 

Jjj  117,  Landolt's  Apparatus 358 

<j  1 1 8.  Apparatus  with  Adjustable  Length    36o 

$  119    Apparatus  for  Especially  Exact  Measurements    361 

4  1 20    Allowance  for  the  Earth's  Magnetism ..     564 

7.  Lummer's  Half-Shadow  Apparatus 

Jjj  121    Descnption  and  Theory  of  the  Instrument 365 

b.    Sacchanmeters 

^  122    Simple  Wedge  Compensation 366 

^  123    Double  Wedge  Compensation      .         368 

\  124    Preparation  of  Sugar  Scale  foi  Polariscopes  with  Circular  Grad- 
uation . .     •  .  369 

^   125.  Preparation  of  Sugar  Scale  for  Saccharitneters 371 

\  126   The  Vent/ke  Sugar  Scale  -     ...  ••    -  372 

^  r  27    The  100  Point  of  the  Sacchanmeter 374 

<>  128.  Testing  the  Sacchaiuneter  Scale 376 

<}  129    Observation  of  Solutions,  in  the  Sacchanmeter 382 

$  130.  Effect  of  Tempeiature  on  the  Saccharitneter  Reading  ..     ..     383 

1  Soleil-Ventzke  Saccharitneter 

4  131    Debcription  of  the  Instrument          385 

2  Half -Shadow  Saccharimeteis 

4,  132.  Construction  of  the  Instruments     38? 

#  133.  Half-Shadow  Sacchanmeters  with  Single  Wedge  Compensa- 

tion       388 

3  134.  Half-Shadow  Sacchanmeters  with  Double  Wedge  Compensa- 
tion      388 

#  135.  Beet  Juice  Sacchanmeter  with  Enlarged  Scale 389 


XV111  TABI,E  OP  CONTENTS 

\  136.  Half -Shadow  Saccharimeter  of  Peters 391 

$  137   Half-Shadow  Saccharimeter  of  Fnc 392 

c.    Illuminating  Lamps 
i    Lamps  for  White  Light 

$  138    Schmidt  and  Haensch  Gas  Lamps 393 

\  139.  The  Hinks  Petroleum  Lamp 394 

i  140   Lamps  with  Welsbach  Light 394 

\  141    Lamp  for  Electric  Light 394 

I  142.  The  Zirconium  Light. 394 

2,  Lamps  for  Homogeneous  Light 

#143    Simple  Sodium  Light  Lamps 395 

\  144.  Pnbrain's  Sodium  Lamp , 396 

I  145    Landolt's  Sodium  Lamp 397 

\  146.  Intense  Sodium  Light 398 

3    Purification  of  the  Sodium  Light.    Optical  Center  of  Gravity 

§147    Lippich  Sodium  Light  Filter 399 

$  148    Optical  Center  of  Gravity  of  Sodium  Light 402 

\  149.  Spectral  Purification  of  Sodium  Light 405 

\  150.  Dependence  of  the  Optical  Center  on  the  Brightness 407 

\  151    Absolute  Determination  of  the  Rotation  of  Sodium  Light  for 

Quartz 413 

\  152.  Relation  of  the  Angles  of  Rotation,  0.0  and  otj 415 

g  153.  Optical  Center  of  Gravity  of  White  Light 416 

d.  Determination  of  Rotation  Dispersion 

\  154    Method  of  Broch '. 419 

$  155.  Method  of  v.  Lang 423 

\  156.  Method  of  Lippich 425 

?  157    Method  of  Lommel 427 

\  158    Method  of  Landolt  with  Ray  Filters 429 

\  159    The  Arons-Lummer  Mercury  Lamp 433 

B.  Construction  of  Polarization  Tubes  and  the  Meas- 

urement of  Their  Length 

$  160   Construction  of  the  Tubes  and  Method  of  Closing  Them  by 

End-Plates  of  Glass 436 

#  161.  Water-Jacket  Tubes  and  Water-Heating  Apparatus 438 

%  162    Calculation  of  Specific  Rotation  with  Consideration  of  Tem- 
perature   441 

\  163.  Schmidt  and  Haensch  Control  Tube 441 

{!  164.  Measurement  of  the  Tube  Length 443 

C.  Determination  of  Percentage  Strength  of  Solutions 

§  165    Reduction  of  Weighings  to  Vacuo 444 

§  1 66.  Preparation  of  Solutions  by  Weighing 446 

§  167    Change  in  Percentage  Strength  on  Filtration  of  Solutions.  ••  448 


TABI,E  OP  CONTENTS  *  XIX 

D.  Determination  of  Specific  Gravity 

1 68   Construction  and  Use  of  the  Pycnometer 449 

169.  Calculation  of  the  Specific  Gravity 454 

170  Variations  in  Specific  Gravity  with  Temperature 456 

E.  Determination  of  the  Concentration  of  Solutions 

171  Calculation  of  the  Concentration  from  the  Specific  Gravity 

and  Percentage  Strength 458 

172.  Preparation  of  Solutions  in  Measuring  Flasks 459 

F.  Effect  of  the  Different  Errors  of  Observation  on  the 
Specific  Rotation 

173.  Calculation  of  Errors 461 


FOURTH 

PRACTICAL  APPLICATIONS  OF  OPTICAL  ROTATION 
I.    Determination  of  Cane  Sugar     Saccharimetry 

A     Determination  of  Sugar  with  Instruments  Having  a  Circular 
Graduation 

174  Calculation  of  Concentration.    Formulas 463 

175  Concentration  and  Variable  Rotation 463 

B.    Determination  of  Cane  Sugar  with  Application  of  Wedge 
Compensation  Instruments 

176  Preliminary  Remarks 466 

177  Practical  Methods  of  SACcharnuetry  According  to  the  Provi- 

sions of  the  German  Sugar  Tax  Law 467 

II.    Determination  of  Milk  Sugar 

178.  Constants  for  Milk  Sugar 488 

179.  Determination  of  Sugai  in  Milk 489 

III.  Determination  of  Glucose 

180  Calculation  of  Formulas 49r 

181  Sugar  m  Diabetic  Urine 493 

IV.  Determination  of  Maltose 

182.  Calculation  of  Formulas 495 

V.  Determination  of  Galactose 

183.  Calculation  of  Formulas 496 

VI.  Determination  of  Camphor 

184.  Formulas  and  Method 


XX  *         TABLE  OF  CONTENTS 

VII.  Determination  of  Cinchona  Alkaloids 

§  185  Calculation  of  Formulas.  •  ................................     498 

VIII.  Determination  of  Cocaine 

§  186    Calculation  of  Formulas  ...........................     501 

IX.  Determination  of  Nicotine 

§  187    Formulas  and  Method  .....  .  ......................  5°3 


F>/\RT 

CONSTANTS  OF  ROTATION  OF  ACTIVE  BODIES 

Group 

1.  Hydrocarbons 

Ethylamyl,  Propylamyl,  etc  .  .  .....................  505 

2.  Alcohols  with  One  Atom  of  Oxygen 

Amyl  Alcohol  and  Derivatives  .....................  506 

Hexyl  Alcohol  ,  Methylhexyl  Qarbinol  .......  •  .............  510 

3.  Alcohols  with  Two  to  Four  Atoms  of  Oxygen  ................  510 

4.  Alcohols  with  Five  Atoms  of  Oxygen 

Pentitols  •  Arabitol,  etc  ...............................    511 

5  Alcohols  with  Six  Atoms  of  Oxygen 

HexiLols  .  Manmtol,  Sorbitol,  etc  .....................      511 

6.  Alcohols  with  Seven  Atoms  of  Oxygen 

Maunoheptttol,  etc  ..............................  512 

7.  Acids  with  Two  Atoms  of  Oxygen 

Valeric  Acid,  Caproic  Acid.....     ......................  513 

8.  Acids  with  Three  Atoms  of  Oxygen  and  Derivatives 

Lactic  Acid  and  Salts  ...............................  515 

Oxybutync  Acid,  Leucm,  etc          ..................  518 

Mandehc  Acid  and  Derivatives  ...........................  520 

9.  Acids  with  Four  Atoms  of  Oxygen  and  Derivatives 

Glycenc  Acid  and  Salts,  etc  ..............................  523 

10.  Acids  with  Five  Atoms  of  Oxygen 

Malic  Acid,  Salts  and  Esters  ............................  526 

Oxysuccinic  Acids  and  Derivatives  .....................  536 

Shikumc  Acid  and  Dei  ivatives  ..........................  543 

ix.  Acids  with  Six  Atoms  of  Oxygen 

Arabonic  Acid,  Ribonic  Acid,  etc  ...................  .....  544 

Tartanc  Acids    ........  ,  ..................................  546 

12.  Acids  with  Seven  Atoms  of  Oxygen 

Gluconic  Acid,  Gulonic  Acid,  etc  .........................  565 

13.  Acids  with  Eight  Atoms  of  Oxygen 

Glucoheptonic  Acid,  Saccharic  Acids  ......................    569 


TABI,E  OF  CONTENTS 

14  Acids  with  Nine  Atoms  of  Oxygen 

Glucooctonic  Acid,  etc  ....................................  572 

15  Acids  with  Ten  Atoms  of  Oxygen 

Glucononomc  Acid,  etc  ...................................  573 

16.  Oxyaldehydes,  Aldoses,  Aldehyde  Sugars 

Arabmose,  Xylose,  Glucose,  etc  ........................  574 

17.  Oxyke  tones,  Ketoses 

Fructose  -  .  ..........................  v   ...............  589 

18  Invert-Sugar  ......................................  591 

19  Disacchandes,  Saccharoses 

Cane-Sugar  ........................................  596 

Milk-Sugar,  Malt  Sugar,  etc  ...........................  599 

20  Trisaccharides  and  Polysacchandes 

Raffiuose,  Mehtose,  etc  ................................  605 

21.  Carbohydrates 

Soluble  Starch,  Dextnnes,  etc  ..........................  607 

22.  Gums 

Arabm,  Wood-Gum  ................................  611 

23   Camphors  and  Terpenes 

A    Aliphatu    Terpenes  ............................  612 

B    Tetpan   Group  ...........................  614 

C   Camphan  Group  ...............................  627 

D    Polyterpenes    .................................  658 

24.  Ethereal  Oils        ..........          .  .     .          ...........  660 

25  Resin  Acids  .........................              ----  666 

26  Alkaloids 

Of  Atomic  Specie^  etc  .....            ............  667 

Cinchona  Alkaloids  •               ••            ....             .....  671 

Of  Coca  Leaver           .............            ........  698 

Of  Opium                 ........         ......         .....  701 

Shy  thno\  Alkaloids-              •        •          •   ..                 .......  706 

Othet  Alkaloids  and  liases             .....              .....  707 

27  Glucosides 

Sahcm  Ilehcui,  Amygdahn,  etc     .........         .......  713 

28.  Bitter  Principles  and  Indifferent  Bodies 

Santonin  Group  .          .  .          ....................  715 

Other  Vegetable  Substances         ..       ..                ............  717 

29.  Biliary  Substances    .................................  718 

30.  Gelatinous  Substances  ......................................  723 

31.  Protein  Bodies 

Albumins,  Albumoses,  etc  .........  ..  ^  .................  724 

General  Index  ......  .  ........  Vi'-r  »•»•••  ••**»¥  ..............  729 


Index  of  Active  Siaba^ce-  v;;^.^.^.^.  .'.  ............  737 

' 


A  R  Y 


PART  FIRST 


General  Conditions  of  Optical  Activity 


i.  INTRODUCTION,   DEFINITIONS,  AND   FORMULAS  OF   CAL- 

CULATION 

i .  Active  Bodies. — Those  substances  which  possess  the  property 
of  rotating1  through  a  certain  angle  the  plane  of  polarization  of 
a  ray  of  polarized  light  which  passes  through  them  are  desig- 
nated as  optically  active,  or  circularly  polarising,  while  the 
property  itself  is  described  as  optical  rotating  power. 

The  property  of  optical  activity  is  shown  by  .  i.  A  number 
of  inorganic  and  organic  substances  in  crystalline  condition. 
2  By  a  large  number  of  carbon  compounds  when  exposed  to 
the  polarized  ray  in  liquid  or  dissolved  condition.  In  bodies  of 
the  first  class  the  cause  of  the  optical  activity  is  due  to  peculiarity 
of  crystalline  structure,  while  in  the  second  it  is  due  to  an 
unsymmetrical  arrangement  of  the  atoms  within  the  molecule. 

According  to  the  direction  m  which  the  rotation  of  the  plane 
of  polarization  takes  place  active  bodies  are  either  • 

Dextiorotatory,  with  the  sign.  +  or  d, 
Laevorotatory        "  "     --  or  / 

If  an  organic  rt'-compound  be  subjected  to  chemical  trans- 
formation, the  derivatives  may  be  in  part  also  right  rotating, 
or  they  may  be  in  part  even  left  rotating.  In  order  to  indicate 
the  derivation  from  the  original  parent  substance,  the  letter,  d, 
is  retained  as  a  prefix  for  all  bodies  of  the  group,  without, 
however,  expressing  by  it  the  direction  of  rotation  in  the 
derivative.  If  this,  also,  is  to  be  shown,  it  can 'be  done  by  the 
addition  of  the  -\-  or  —  sign.  The  expressions,  d  (-f)  and  d 
( — ),  indicate  right  and  left  rotating  derivatives  of  a  dextro- 
parent  substance,  while  /  ( — )  and  /(-(-)  indicate  the  direction 
of  rotation  of  the  derivatives  of  a  laevorotating  substance. 


2  GENERAI,  CONDITIONS   OP  OPTICAL  ACTIVITY 

Many  bodies  occur  in  isomeric  forms  with  optically  diffeieut 
behaviors.  There  are  recognized 

/.  Active  modifications,  found  always  in  two  forms  con- 
stituting the  so-called  optical  antipodes,  inasmuch  as  under 
like  conditions,  one  form  rotates  as  strongly  lo  the  right  as 
the  other  to  the  left  These  are  designated  a*s  the  </-form  and 
the  /-form. 

2.  Inactive  -modifications  which  are  mixtures  or  compounds 
of  the-  active  antipodes  in  equal  proportions,   and  which  may 
be  split  tip  into  these  by  the  action  of  certain  agents.    For  these 
so-called  racemic  bodies,  the  symbols  r  or  dl,  or  (d  -\  /)  are  in  use. 

3.  Inactive  modifications  which  cannot  be  decomposed  into 
the  active  forms      These  will  be  indicated  by  il  in  the  follow- 
ing pages. 

2.  Measure  of  Rotating  Power,  Specific  Rotation.— In  active 
crystals  the  observed  angle  of  rotatibn  varies  with  the  thick- 
ness of  the  plate  used,  and  it  is  customary  to  reduce  this  rotation 
to  that  of  a  plate  i  millimeter  in  thickness  for  eompaiison 

In  order  to  express  the  optical  activity  of  dissolved  solid  or 
of  liquid  carbon  compounds  the  conception  of  specific  i  citation } 
introduced  by  Blot,  is  employed  By  this  term  is  understood 
that  angle  of  rotation  which  a  liquid  would  produce  if  ittontaincd 
in  one  cubic  centimeter  one  gram  of  active  substance }  and  opposed 
a  column  one  decimeter  in  length  to  the  passage  of  the  polanwd 
ray.  This  datum  calculated  from  observation  is  represented, 
following  Blot's  suggestion,  by  the  symbol  [«]. 

The  following  points  concerning  specific  rotation  may  be 
noticed  here  in  passing;  a  fuller  discussion  being  reserved  for 
a  later  chapter.  As  experiment  has  shown  the  angle  of  iota- 
tion  produced  in  a  polarization  apparatus  by  an  active  liquid 
is  dependent  on  • 

/.  The  length  of  column  through  which  the  light  passes^  and 
is  in  fact  exactly  proportional  to  this  length. 

i  The  letter  z  is  often  used  to  indicate  lacemic  compounds,  but  it  apiwiiH  belttn 
to  use  it  only  for  the  inactive  bodies  which  cannot  be  split  up.  In  outer  to  avoid 
danger  of  confusion  with  iso-compounds  which  ate  sometimes  Itulieutcil  with  i,  it 
would  be  better  to  use  for  these  the  letter  /.  The  use  of  t  instead  of  d  for  right 
rotating  substances  should  be  wholly  discarded,  Incunnuch  as  it  does  not  conform 
to  International  use,  and  because,  fiuthei,  it  is  alieady  applied  to  lacemic  hodiivi 
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2  The  wave  length  of  the  light  ray  employed.  —  As  in  the 
case  of  refraction  of  ordinary  light  the  rotation  in  general 
increases  with  decreasing  wave  length  ;  it  is  therefore  least  for 
red  and  greatest  for  the  violet  rays.  Commonly  homogeneous 
yellow  light,  corresponding  to  the  Fraunhofer  line  D,  is  em- 
ployed in  the  observations.  By  measuring  the  rotation  for 
different  rays  the  rotation-dispersion  of  the  substance  is 
determined 

j.  77/t'  temperature  of  the  liquid.  —  With  certain  substances 
this  has  but  little  influence,  but  in  many  others  it  produces 
either  an  increase  or  a  decrease  in  the  angle  of  rotation.  As  a 
normal  temperature,  20°  C.  should  be  taken 

The  following  observations  are  lequired  to  determine  the 

specific  rotation  of  substances  which  are  in  themselves  liquids  : 

ca.  The  amount  of  rotation  to  the  right  or  left  for  a  definite 

color,  and  expressed  in  circular  degrees,  and  decimals 

of  the  .same.     (The  use  of  minutes  and  .seconds  is  not 

customary.  ) 

/.  The  length  of  the  observation  tube,  in  decimeters. 
t.  The  icmpeialure  of  the  liquid  in  the  tube. 
d.  The  density  of  the  liquid    at  the   temperature,   /,   and 
reicrred  to  water  at  4°  C.  as  the  basis,  in  which  case  d 
expresses  the  weight  in  grams  of  one  cubic  centimeter. 
It  Hie  density  is  found  by   aid  of  a  pycnometei   which 
holds  at   Hie  temperature  of  20°   W  grams  ot  watei, 
and  /''grams  of  the  liquid,  then 

X  0.99705  \  -  o  00120. 


According  to  the  above  definition,   the  specific  lotation  irt 
exptessed  by  the  formula  : 


If  the  kind  of  light  used  and  the  temperature  are  also  added 
the  specific  rotation  is  a  characteristic  constant  of  the  sub- 
stance in  question.     For  example,  for  nicotine  : 
[a]?/1  ~-  --   161.55°. 

Solid  active  substances  are  brought  into  solution  by  aid  of 


inactive  solvents.    The  preparation  of  solutions  may  be  effected 
in  two  ways  : 

i.  By  the  aid  of  a  measuring  flask  the  contents  of  which, 
in  true  cubic  centimeters  at  a  definite  temperature  (as  2O°C.  ), 
is  known.    A  certain  weight  of  the  active  substance  is  weighed^ 
into  the  empty  flask,  the  solvent  is  added  to  effect  solution, 
and  then  filled  up  to  the  mark.     From  this  we  have  :   , 
c.  The  concentration,  that  is  the  number  of  grams  of  active 
substance  in  100  cubic  centimeters  of  solution,  and  the 
specific  rotation  follows,  under  the  assumption  that  the 
rotation  is  proportional  to  the  concentration,  by  • 

(ii)  M 


2.  A  weighed  amount  of  the  active  substance  is  dissolved 
in  the  liquid  in  a  flask  which  may  be  stoppered,  and  the 
weight  of  the  solution  determined.  From  these  data  there 
may  be  calculated 

p   the  per  cent  amount  of  active  substance. 
q   the  per  cent  amount  of  inactive  solvent 

Then,  in  order  to  find  the  concentration  of  the  solution,  its 
specific  gravity,  d,  at  a  definite  temperature,  as  20°,  must  be 
found  As  pd=  c,  then  • 

Cm)  M 


This  last  method  is  to  be  applied  when  it  is  desired  to 
investigate  the  dependence  of  the  specific  rotation  of  a  body  on 
the  composition  of  its  solution. 

In  stating  the  specific  rotation  of  a  dissolved  substance  the 
solvent  must  always  be  given,  also  the  concentration  or  the 
percentage  strength  with  the  specific  gravity.  Observations 
may  be  expressed  in  the  following  form  For  example 

'  (98  per  cent  alcohol,  by  volume, 

r        .  .  *=  25.35),  M  5=  +44  9°°. 

laurel  camphor-  ......          ,    .  jm 

(glacial  acetic  acid,  p  =  39  72,  aA   = 

•        10113),  [<*]£=  +  47-18°. 

i      As  experience  has  shown  there  are  certain  substances  for 
\  which  the  specific  rotation,  as  calculated  from  solutions  of 
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different  concentrations,  remains  constant  or  at  most  suffers 
but  a  very  .slight  change.   For  such  bodies,  for  example,  cane- 
sugar  or  milk-sugar  dissolved  in  water,  the  angle  of  rotation  , 
is  exactly  proportional  to  the  concentration,  and  therefore  by 
the  following1  fonimla, 

/TTT  Iooof 

(IV;  c  -= 


the  strength  of  a  solution  of  the  substance  may  be  found  if 
the  value  of  [«]  is  known.  Polarimetiic  analysis,  especially 
of  sugars,  is  bashed  on  this  fact. 

With  the  great  majority  of  active  substances,  however,  it  has 
been  observed  that  the  specific  rotation  increases  or  decreases, 
with  increasing  dilution  of  the  solution,  and  at  very  different 
rates  for  different  substances ;  sometimes  the  direction  of 
rotation,  even,  may  change.  In  such  cases,  there  must  be  an 
alteration  of  the  nature  of  the  substance  by  the  action  of  the 
solvent  If  the  value  of  [<*] ,  for  a  number  of  solutions  of 
different  strengths  has  been  found,  it  will  be  possible  to 
express  the  dependence  of  the  specific  rotation  on  the  factors 
p  and  ^by  the  following  formulas,  in  which  the  constants,  A, 
J3,  and  C,  or  a,  {>,  and  ^are  determined  by  experiment  • 

(V)  [*]  -  A  +  Bq 

(VI)  [«]  --=  a  +  bp} 
or 

(V)  |>]    -  A  -V  Bq  -|-  C? 

(VI')  [or]        a   +  bp  +  c/ 

In  the  formulas,  (V)  and  (V),  the  constant  A  expresses 
the  specific  rotation  of  the  active  substance  in  undiluted  con- 
dition, while  B  and  C  show  the  change  produced  by  i  per  cent, 
of  the  inactive  solvent.  If  q  is  taken  equal  to  100,  the  specific 
rotation  in  infinite  dilution  is  given. 

In  the  formulas,  (VI)  and  (VI'),  the  constant  a  corresponds 
to  the  specific  rotation  in  infinitely  great  dilution,  while  the 
value  for  the  pure  substance  is  given  when  p  is  taken  equal  to 
100, 

If  it  be  desired  to  replace  the  constants,  A  and  B,  by  a  and 
the  formulas,  (V)  and  (VI),  and  vice  versa,  we  take 
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A  =  a  -\-  100  b  a  —  A  -f-  100  B 

B=—b  d  =  — B 

In  the  3-term  formulas,  we  have  : 

A  =  a  -f-  100  £  -f  10,000  £    «  =  ^4  +  100  B  +  10,000  C 
.5  =  —  b  —  200  c.  b  =  —  .Z?  —  200  C. 

C  =  c.  c—-C. 

If,  further,  the  constants  of  the  equation, 
[a]  =  a  +  bp  +  #•, 

have  been  determined  for  an  active  substance,  with  molecular 
weight  J/,  and  if  it  be  desired  to  alter  them,  so  as  to  make 
them  apply  for  a  derivative  (hydroxide  or  salt,  for  example) , 
with  the  nioleculai  weight  M',  which  leads  to  the  formula, 

[or]'  =  a'  +  ^  +  ^, 
then,  we  place  : 

M      ,, 

*'  =  "W»  b  = 

3.  Molecular  Rotation. — This  term  is  applied  to  the  product  of 
the  molecular  weight  and  specific  rotation  of  a  body,  and  is 
represented  by  the  symbol  [M~\.     But,  to  avoid  the  use  of 
inconveniently  large   numbers,  it  is  customary  to  take  the 
one-hundredth  part  of  this  product ;  thus  . 

[^]=—  [a] 
L     J       100  L  J 

In  this  case,  \M~\  expresses  the  rotation  which  would  follow, 
if  each  cubic  centimeter  of  the  solution  contained  i  grani- 
niolecule  of  the  active  substance,  and  the  length  of  the  liquid 
column  were  i  millimeter.  The  molecular  rotation  is  applied 
in  making  stoichiometnc  comparisons 

4.  Historical. — The  rotation  of  the  plane  of  polarization  was 
noticed  first  in  quartz  plates  by  Arago,  m  1811.     In  1815 
Biot  and  Seebeck  discovered  the  optical  activity  of  certain 
organic  substances  (oil  of  turpentine,  and  aqueous  solutions 
of  sugar  and  tartanc  acid).     Through  a  long  series  of  investi- 
gations, extending  over  a  period  of  47  years  (from  1813  to  1860), 
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Biot  established  the  important  physical  laws  and  the  general 
nature  of  the  phenomena  observed.  In  1 823,  Fresnel  published 
a  theory  of  the  effects  as  noticed  in  quartz  in  which  he  intro- 
duced the  term  circular  polarisation.  In  1831,  Herschel  dis- 
covered the  important  relation  existing  between  the  rotating 
power  in  quartz  crystals,  and  the  development  of  their  faces. 
A  further  fundamental  discovery  in  this  field  was  made  by 
Pasteur,  who  found  in  1848,  in  the  examination  of  tartaric 
and  racemic  acids,  that  one  and  the  same  active  substance  may 
occur  in  oppositely  rotating  and  in  inactive  modifications. 
The  last  great  advance  in  the  subject  was  brought  about  in 
1874  by  van  't  Hoff  and  I^eBel,  who  independently  discovered 
the  relation  existing  between  the  rotating  power  of  organic 
substances  and  their  atomic  constitution,  in  the  discussion  of 
which  the  notion  of  asymmetric  carbon  atoms  was  introduced 
in  the  science 
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5.  Preliminary  Remarks,  Relation  of  Crystalline  Form  to  Rotation. 
-—All  bodies  which  in  crystalline  condition  or  in  solution  have 
the  power  of  rotating  the  plane  of  polarization  of  light 
crystalline,  as  was  shown  by  Pasteur,1  in  so  called  hemihedral 
forms,  and  the  crystals  of  the  right  and  left  modifications  of 
an  active  substance  aie  enantiomorphous. 

A  licimheclral  crystalline  polyhedron  is  not  superposable  on 
its  mirror  image  The  original  form  and  that  corresponding 
to  its  image  are  related  as  is  the  right  hand  to  the  left ;  they 
exhibit  the  peculiarity  described  in  crystallography  as  enantio- 
morphism . 

Hemihedral  forms,  from  a  geometric  standpoint,  can  possess 
axes  of  symmetry  only,  but  no  center  of  symmetry  and  no 
planes  of  .simple  or  compound  symmetry.2 

In  the  thirty-two  possible  crystalline  groups,  eleven  are 
found  with  hemihedral  forms,  and  these  are  given  below  with 

i  I'nsteur .  Coinpl.  tend.,  a6,  53-5,  a7,  401,  35,  i"o  Compaie  also  Becke  Mm. 
nml  peli OKI  Milth  v  Tsclitnnnk,  10,  414  (1889),  ia,  256  (1891) 

*  l-*oi  delinks  on  Ihc  symmetry  relations  in  enantiomorplious  forms  consult  the  works 
of  Tli  WebiHcli.  ttrundnsq  der  phystkahschen  Krystallographie,  Leipzig,  1896 
1'  Giotli  -  Pliysikaltaohe  KryHtallographie,  3  Atifl ,  Leipzig,  1895. 
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the  nomenclature   of  Liebisch,   and    also    that  of  Groth  in 
parenthesis 

/.     Regular  System 

1.  Plagihedral-hemihedral  (pentagon-icositetrahedral)  group. 

2.  Tetartohedral  (tetrahedral-pentagondodecahedral)  group. 

//.     Hexagonal  System 

3 .  Trapezohedral-hemihedral  ( hexagonal-trapezohedral )  group. 

4.  First hemimorph-tetartohedral(hexagonal-pyramidal)group. 

5.  Trapezohedral-tetartohedral  ( trigonal- trapezohedral)  group. 

6.  Octahedral  (trigonal-pyramidal)  group 

///.     Tetragonal  System 

7.  Trapezohedral-hemihedral  (trapezohedral)  group 
8    Hemimorph-tetartohedral  (pyramidal)  group 

IV.     Rhombic  System 

9.  Hernihedral  (bisphenoidal)  group 

\  V.     Monochnic  System 

10.  Hemimorphic  (sphenoidal)  group 

VL     Tridinic  System 
ii    Hernihedral  (asymmetric) group. 

In  all  cases  in  which  a  complete  determination  of  the 
crystalline  symmetry  of  the  bodies  under  consideration  could 
be  carried  out  the  statement  made  above,  that  optical  rotation 
in  a  crystal  is  always  associated  with  enantiomorphism,  has 
been  confirmed.1  As  experience  has  shown,  this  rule  is  not 
reversible ;  that  is,  if  the  crystals  of  a  body  are  found  to  be 
hemihedral  the  conclusion  can  not  be  drawn  that  in  either  the 
solid  or  dissolved  form  it  will  show  circular  polarization.  For 
example,  the  following  compounds  crystallize  in  hemihedral 
forms,  NH,C1,  Ba(NOs)a)  I,iaSO4  +  HaO,  NiSO4  +  6H2O, 
Sr(CHO9)a  -f  sHjjO,  but  they  are  inactive  in  solid  form  as 
well  as  in  solution.2 

1  I/iebisch .  lyoc  cat.,  p  41  and  426 

3  Objections  to  Pasteur's  law  have  been  raised  by  Wyrouboff  ,  Ann  chim  phys. 
[6],  8,  416;  [7],  i,  10  Also  by  Walden  Ber.  d  chein.  Ges.,  39,  1692  Traube 
replied  to  this  Ibid,  39,2446 
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Optically  active  substances  may  ;b'e  divided  into  three  essen- 
tially distinct  classes  : 

6.  First  Class  —  Bodies  which  possess  the  property  of  rotating  the 
plane  of  polarized  light  only  in  the  crystallized  condition,  and  which 
lose  this  property  when  brought  into  the  amorphous  condition  by 
fusion  or  solution. 

Circular  polarization  lias  been  noticed  only  in  crystals 
belonging  to  the  regular,  hexagonal,  and  tetragonal  systems  ; 
that  is,  in  groups  i  to  8  of  the  above  scheme.  At  present  the 
following  organic  and  inorganic  bodies  are  known  to  belong 
here  : 

Regular  System, 

'  Sodium  chloiale  .......................  NaClO.,. 

Gio     2    Sodium  bromate  .........................  NaBiO.,. 

Sodium  sulphantimonate  ................  Na.,SbS(  +  9HaO. 

.  Sodium  uranyl  acetate 

Hexaff 
Potassium  lithium  sulphate  ..............  KLiSO,, 

Grout)  a.    Ammomum  lithium  sulphate  ...........      (NH4 

Rubidium  lithium  sulphate  ............  Rbl/iSO* 

Potassium  sulphate  lithium  clu  ornate  .....  K..SO,  +  LijCiO4 

Quart?    .........................  SiOj 

Cinnabai  .....................  HgS 

Potassium  dithionate    ............  KaSX~)r 

G  ouo  e;     Rtlklcnum  dithionate  ................      RbaSjjO,,. 

P5     Calcium  dithionate  ................  CaS.,O(,  |  4HaO 

Strontium  dithionate  ..................  SrS.,On  -|   4HaO 

Lead  dithionate  ..................  PbSaO0  -|  4lI2O. 

.Benzil  .....................  C0H6.CO  CO  Cell, 

(Rubidium  and  cesium  tartrutcs,  lam  el  camphor,  and  matico-camphor 
belong  to  Class  II  ) 

Group  6  •{  Sodium  penodate  .......................  NaIOt  -|- 

Tetragonal  System. 
'Btliyleue  diamine  sulphate 
Guamdme  carbonate  .....................  (CH5Nn)HaCO8 

Group  7  -j  Diacetyl  phenolphtlialein  ................  CMH,.,(  Cj,IIBOa)aO4 

Sulphobenzenc  tiisulplnde  ...............  (CaHs.vSOg.SyjiS. 

.Sulphotolueue  trisulphide  ................  (C7HT.SO2.S)aS. 

(Strychnine  sulphate  belongs  in  Class  II.) 
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The  optically  active  single-refracting  crystals  belonging  to 
the  regular  system  show  rotation  of  the  plane  of  polarization 
equally  strong  in  all  directions,  as  was  shown  especially  by 
Sohncke,1  in  the  case  of  sodium  chlorate.  In  the  cases  of 
hexagonal  and  tetragonal  crystals,  which  are  umaxialjy  double- 
refracting,  the  phenomenon  of  circular  polarization  may  be 
observed  only  in  the  direction  of  the  optical  axis,  and  plates 
for  this  purpose  must  therefore  be  cut  perpendicularly  to  this 
axis.  In  normal  biaxial  crystals  belonging  to  the  rhombic, 
monoclinic  and  triclinic  systems  the  rotating  power  has  not  yet 
been  observed,  and  as  Wiener2  has  shown,  it  cannot  be  found  in 
all  those  cases  where  there  is  at  the  same  time  strong  double 
refraction. 

All  the  active  crystals  which  have  been  mentioned  above 


occur  in  right-  and  left-rotating  varieties,  which  exhibit  equal 
activities  for  equal  thicknesses  of  layers  passed  by  the  light 
The  direction  of  rotation  stands  in  relation  to  the  condition  of 
enantiomorphism  in  the  crystal,  which  is  often  shown  in  the 
geometric  development  of  the  latter  by  the  appearance  of 
so-called  hemihedral  or  tetartohedral  surfaces,  oppositely 
located  in  different  individual  crystals.  The  best  known  illus- 
tration of  this  is  found  in  hexagonal,  trapezohedral-tetarto- 
hedral  quartz,  in  which  the  tetartohedral  surfaces,  j  and  x, 
very  often  appear,  and  in  such  a  manner  that  in  right-rotating 
crystals  (Fig.  2),  the  surface,  s,  lies  to  the  right  of  x,  while  in 
lef  t-rotating  crystals  (Fig.  i),  it  lies  to  the  left  of  x.  The  one 

1  Sohncke    Wied  Ann.,  3,  530 

2  Wiener .  Wied.  Ann  ,  35,  : 
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form  is  the  mirror  image  of  the  other.     Analogous  relations 
are  found  in  other  crystals  of  the  class.1 

The  extent  of  rotating  power,  for  equal  thicknesses  of  layer 
passed  by  the  light,  is  very  different  in  different  active  crystals. 
The  following  table  gives  the  data  thus  far  found  for  plates 
of  i  millimeter  thickness,  and  for  light  of  different  wave 
lengths.  The  latter,  expressed  in  millionths  of  a  millimeter 
(A«AO,  correspond  either  to  the  Fraunhofer  lines,  C,  £>,  E,  F, 
G,  to  mean  yellow  light,  j\  or  to  the  lines  from  lithium,  sodium, 
and  thallium.  The  bodies  are  arranged  in  the  order  of  their 
rotating  power  for  the  line  D." 

Crystalline  mixtures  of  isomorphous  active  crystals  exhibit 
a  rotation  which  is  nearly  propoitioual  to  the  percentage  com- 
position and  amount  of  rotation  of  the  components  The 
proof  of  this  rule  has  been  given  mainly  by  Bodlauder"  from 
investigations  of  various  crystallizations  of  lead  dithionate 
and  strontium  dithionate. 

Behavior  of  active  uystals  in  powdered  condition. — The  ques- 
tion as  to  whether  the  rotating  power  of  fine  particles  is  the 
same  as  that  of  the  larger  crystal,  or  whether  it  decreases 
when  the  pai  tides  have  reached  a  certain  degree  of  fineness 
has  been  tested  by  L,aiidoltl  with  sodium  chlorate. 

In  crystalline  plates  i  millimeter  in  thickness  the  salt  .shows 
a  rotation  for  white  light,  «,  -  d=  3.54°,  and  as  its  specific 
gravity  is  d  2.488  the  specific  rotation  must  be 
1X1;  a/d  -  =t  i  42°.  If  the  ciystals  are  nibbed  as  fine  as 
possible  and  the  powder  so  obtained  be  .suspended  in  a  mixture 
of  absolute  alcohol  and  caibou  disulplndc,  the  composition  of 
which  may  be  varied  until  a  clem  liquid  is  obtained,  that  is, 
until  the  mixtme  has  the  .same  refractive  index  as  the  .salt 
particles,  then  it  is  found  on  examination  m  a  polarization  tube 

1  All  these  cutfe'S  ate*  discussed  m  the  wot  knot  ciiothrmd  Jyielnsc'h.nliciulY  lefeued 
to. 

a  Hesidcs  these  the  following  oliservntloits  Imw  been  imule  which  lefti  to  jsfiecn 
light  nut  hni'ewlly  (U; lined  ; 

cSftfi^  AnB.iw,,*  OH7U), 

I'ull  diitu  me  given  fut  qtuuUruul  sodium  ehlonile  m  the  chtiylei  on  "Rotation 
Disjieislon." 

«  Hodlunder    Inatig  l)i«H.  Breslau,  iHHa ;  Wied.  Bdb.,  7,  396. 

•i  I.niulolt:  BitKitiiKHlier.  dei  tteil  Akad  ,  1896,785;  Ber.  d.  cliem.  Ges,,  99,  2404, 
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(i  to  1.5  decimeter  in  length)  that  the  suspended  substance 

shows  the  right  or  left  rotation  of  the  original  crystals.     In 

order  to  keep  the  powder  evenly  distributed  through  the  liquid 

it  is  necessary  to  rotate  the  polarization  tube  on  its  axis      In 

;  such  experiments  in  which  the  diameters  of  the  particles  were 

mostly  between  0.004  mm    and  0.012  mm.  or  even  between 

0.003    and    0.007    mm-    the  specific  rotation1  was  found  as 

\a~\j  =  ±  1.36°  to  i. 49 °,  or,  in  the  mean,  ±  i  41  °,  referred 

to  a  layer  i  mm.  in  thickness     As  this  value  agrees  exactly 

with    that  found   for  the  large  crystals  it  follows  that  in 

j  powdering    to   the  degree  mentioned    the  active  crystalline 

|  "    structure  has  not  suffered  the  slightest  change      The  question, 

!:  what  size  the  smallest  particle  which  still  shows  circular  polar- 

i  ization  must  have,  and  of  how  many  single  molecules  it  must 

i  be  composed,  remains  unanswered. 

The  optical  activity  of  sodium  chlorate  disappears  completely 
in  aqueous  solution,  and  even  when  this  is  in  supersaturated 
i  condition.     If  the  salt  be  precipitated  by  addition  of  alcohol, 

(  the  crystalline  precipitates  formed,  and  from  solutions  of  either 

i|  right  or  left  rotating  crystals,  are  found  to  be,  when  examined 

1  in  the  suspended  condition,  either  inactive  or  to  show  one  of 

j  the  two  directions    of    rotation.     The    specific    rotation  is, 

„  however,   always  smaller  than  the  normal  (  ±  i  41°),  from 

j  which  it  follows  that  the  precipitates  are  mixtures  of  right  and 

left  salts.     Which  of  these  predominates  depends  on  the  direc- 
tion of  rotation  of  the  particles  which  first  separate      Bearing 
on  this  it  may  be  said  that  when  one  of  two  portions  of  a 
r  saturated  solution  is  treated  with  a  trace  of  the  solid  right- 

|  rotating  salt,  and  the  other  with  a  trace  of  the  left-rotating 

salt  and  then  precipitated  by  alcohol,   the  precipitates  formed 
i  are  found  to  rotate  accordingly. 

||  On  the  cause  of  rotation  m  crystals  see  §§9  and  10. 

i  The  specific  lotation  of  solid  active  particles  is  expressed,  as  in  the  case  of  solu- 
tions by  [«]  ~=  aa/llf,  when  a  wthe  angle  of  rotation,  /the  length  of  tube,  v  the  volume 
1  of  the  hamc  and  p  the  weight  of  the  powder  suspended 


s*  S  ->  *  C1 

13  N  Q.   S) 

u  Cr  (Jt 

.7;  (jj  M   ik  . 


ft* 


5  a 


O  bd 


ngth 


r 


. 

3U  o 
o- 


oo 


.  . 

.     O\-F>-  .  KJ 

'    IH  o  !  Oi 

co<5  H 


,      W    M    W 

,  4!  oj  H 

'     QOOJ  •O'' 

•f*       S,  O  O  covo  w  *.  *.  «^      CM  oo 

S?          _»...» 


en  ;    '    j   i  oo  ,  en  oo  o\     oo 


!    I   GO--I  I    '    .   o  o  I  Oi  I    . 
10 

Ol 

ft 


J  OJ 


co 


•  •  to  -»i  •  ;  ;  w  oo .  o> :  ; 

'     '          0^  W  00      4* 

ft  ft 


•;MOIJ;;;;;^O;';; 

ft  , 


Oi  .p.  GJ   M  H  O  VO   00*4   9>C/«  4^.  O'   M  M 
f  »       tnj*  -R 

R 


a, 


7.  Second  Class. — Bodies  which  rotate  in  both  crystalline  and 
amorphous  form,  in  solution  or  in  fused  condition. 

But  six  compounds  of  this  class  are  known  • 

Matico  camphor,  Rubidium  tartrate, 

Patchouli  camphor,  Cesium  tartrate, 

Laurel  camphor,  Strychnine  sulphate.1 

It  is  interesting  to  compare  in  these  substances  the  rotation 
in  the  crystalline  form  with  that  shown  by  an  equally  thick 
plate  of  the  amorphous  compounds  (H.  Traube).  In  the  last 
case  the  action  of  the  single  molecules  alone  comes  into  play, 
while  in  the  other  the  effect  of  a  particular  crystalline  structure 
is  to  be  added  to  this  In  this  second  case  the  molecular  rotation 
and  crystalline  rotation  must  be  added  together,  or,  if  they  have 
opposite  directions  they  may  partially  neutralize  each  other.  \> 

The  following  observations  have  been  made  on  these  sub- 
stances 

Matico  camphor  C^H^O.2 — The  rotation  of  the  hexagonal 
trapezohedral-tetartohedral  crystals  was  discovered  by  Hintze" 
and  measured  by  him,  and  also,  later  by  H.  Traube.4  The 
following  angles  were  measured  for  a  plate  i  mm.  in  thickness: 

Hmtze    au  =  —  i  68°,  orNa  =  —  2.07°,  orT1  =  _  2.47° 
Traube1  «Na  =  —  I  81°,  —  1.96°,  —  I  86° 
Mean,  aD  =  —  i  92°^  '» 

Right  rotating  crystals  have  not  yet  been  found. 

H  Traube6  has  measured  the  rotating  power  of  the  sub- 
stance, which  melts  at  94°,  m  the  liquid  condition,  in  a  tube 
i  decimeter  in  length  and  at  different  temperatures,  as  follows  : 

Temp  Rotation  for  Sp  gi  at  t°  Specific  rotation 

T  i  dm  a/}                        d^.  \(X\ /7i 

Io8°  — 26  29°                     0.924  — 28.45 

ITS  — 25.59                      0901  — 28.40 

126  —24.74                      0.874  —28.32 

135  —23.86                      0845  —28.24 

I  Recently  W  J.  Pope  (J  Chem  Soc ,  (Jo,  971)  has  added  two  bodies  to  this  list. 

These  are  cis-Tr-camphanic  acid,  O  CgHn^"  ,  and  tianscamphotiicarboxylic  acid, 

NCOOH 

CrHn  (COOH).|,  described  by  Kipping    J  Chem.  Soc.,  69,  943  and  950.    Onto,  concern- 
ing the  amount  of  rotation  are  not  yet  given, 

3  Kugler    Ber  d  chem.  Ges. ,  iti,  2841 

8  Hmtze    Pogg  Ann  ,  157,  127  (1876). 

*  Traube  SItzber,  d  Berlinei  Akad,,  i,  195  (1895) 

II  H  Traube    Groth'a  Ztschi.  f  Kryat.,  aa,  I,  47. 
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From  the  change  in  specific  rotation  with  increasing  tempera- 
ture the  specific  rotation  for  the  ordinary  temperature  (20°), 
may  be  calculated  as  approximately  [/*]/,  =  —  29  i°,  Traube 
obtained  almost  the  same  value;  that  is,  — 28  7°,  from  obser- 
vation of  a  10  per  cent,  chloroform  solution  of  the  camphor. 
If  we  take  [«]  y>  —  —  29°  this  represents  the  angle  of  rotation 
of  a  column  of  the  amorphous  camphor  100  nini.  in  length 
and  having  the  ideal  density  of  i.  If  we  reduce  the  rotation 
of  the  cryvStalline  camphor,  with  a  density  of  1.08  at  15°,  to 
the  same  standard  we  have : 

[«]„  =  _  1.92  X  IPO  ^_I78o  / 
1.08 

The  angle  of  rotation  of  the  amorphous  and  crystalline  sub- 
stances are  related  thus  as  29  .  178  ,  and  if  we  assume  that  m 
the  last  number  the  molecular  rotation  is  included,  the  part 
due  to  the  crystalline  structure  must  be  178°— 29°  =  149°.  It 
follows  therefore  that  the  lotatory  polarizing  behavior  of  thej 
crystals  is  about  J-  due  to  the  molecular  rotation  and  f  to  the  f 
crystalline  rotation 

Patchouli  camphor,  C,ftH,,,O  —The  optical  rotation  of  the 
hexagonal  crystals,  first  noticed  by  v.  Seherr-Thoss1  was 
measured  by  H  Traube/  who  found  a  rotation  of  aa  =  — i  325° 
foi  i  mm.  Montgolfier'1  found  [«]/>  =-  —  118°  as  the  specific 
rotation  of  the  fused  substance  at  59°  (coriespondmg  to  about 
—i  1 8  3  °  foi  the  01  dinary  temperature )  From  alcoholic  solution 
in  which  the  lotation  cleci  eases  with  the  dilution  he  derived 
the  value,  [a]/,  -  1245°  for  the  pure  substance.  From 
these  two  values,  by  taking  the  specific  gravity  as  i  051, 
according  to  Gal1  (for  the  crystals),  the  rotation  of  a  layer  i 
mm.  thick  is  calculated  as  «"/,  -=  1.24  and  i  31,  which  values 
agree  very  well  with  that  observed  in  the  crystals  ;  mz.,  i  325 
We  have  here  a  case  in  which  the  crystalline  rotation  coincides 
nearly  with  the  molecular  rotation,  and  one  therefore  in  which 
the  effect  of  the  first  is  scarcely,  if  at  all,  perceptible. 

Laurel    camphor,    C10H1(IO.— The    crystals,    according    to 
H.  Traube,  hexagonal  trapezohedral-tetartohedral,  show,  by 

1  Private  communication 

a  H  Traube.  SlUungHbei .  dor BerUuei  Akad.,  i,  195  (1895). 

•»  Montffolfier.  Bull  HOC  chtm.  [a],  a8,  414  (1877) 

•*  Ottl    xtschr  Chern ,  aao  (1869). 
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the  measurements  of  v.  Seherr-Thoss1  a  right  rotation  as 
follows,  for  a  plate  of  i  mm.  thickness  • 

White  light  Ray  B  Ray  D        Transition  tint  Ray  G 

0875°  0.455°  0.65°  0.73°  1.818° 

From  solutions  of  the  camphor  in  different  liquids  the  maxi- 
mum specific  rotation  of  the  pure  amorphous  substance  is 
found  to  be  \_oc]D  =  +  55  5°  f  therefore,  if  the  specific  gravity 
be  taken  as  o  998,  the  same  as  for  the  crystallized  camphor, 
the  angle  of  rotation  for  a  layer  of  i  mm.  thickness  is  found 
to  be  [«]/,  =  -|-  o.  55°.  This  value  is  but  little  lower  than  that 
found  for  the  crystals,  aD  =  -f-  o  65°,  from  which  it  follows 

/  that  the  activity  of  the  latter  appears  to  depend  almost  wholly 

(  on  the  molecular  rotation. 

Right  and  left  rubidium  tartrate,  Rb2C4H400. — According  to 
H.  Traube  both  salts  are  hexagonal  trapezohedral-tetarto- 
hedral.  As  WyroubofT  found  and  Traube*  later  the  crystals 
formed  from  ordinary  d-  tartanc  acid  are  left  rotating,  while 
those  from  /-  tartaric  acid  are  right-rotating.  They  observed 
for  plates  of  i  mm.  thickness : 

d-Acid  salt  /-Acid  salt, 

Wyrouboff OLD  =  —  jO  7°  «D  =  +  10.5° 

Traube —10.24  +1012 

If  the  left-rotating  crystals  be  dissolved  in  water  the  solu- 
tion shows  right  rotation  and  vice  versa  The  specific  rotating 
power  is  diminished  with  increasing  dilution,  and  at  a  rate 
which  is  shown,  according  to  Rimbach,6  by  this  formula, 
derived  for  the  right  rotating  salt 

[a]3/  =  +  35.63°  -o  06123  q, 

in  which  q  represents  the  percentage  amount  of  water  present. 
This  formula  was  derived  from  observations  on  solutions  con- 
taining up  to  64  5  per  cent,  of  the  salt,  and  the  constant, 
25.63,  may  therefore  be  taken  as  satisfactorily  representing  the 
specific  rotation  of  the  amorphous  anhydrous  substance. 
Using  with  this  the  known  specific  gravity  of  the  crystallized 

v  Seherr  Thoss    Ztschr  fiir  Kryst ,  23,  583  (1894) 

2  Mean  of  the  determinations  of  I<andolt    Ann  Cheiu.  (Liebig),  189, 332,  and  Rim- 
bach  Ztschr  phys  Cliein  ,9,  698 

3  Wyrouboff .  Jour  de  physik  [3],  3,  451  (1894) 

4  H.  Tiaube    Sitzungsber.  der  Berliner  Akad  ,  i,  195  (1895) 
6  Rimbach    Ztschr  phys  Chem  ,  16,  671  (1895). 


OPTICAWT  ACTIVE  CRYSTALS  17 

salt,  d  —  2.694,  we  obtain  the  rotation  of  a  plate  i  mm.  in 
thickness  from 

aD  —  o  2563  X  2  694  =  +  0.69. 

Regarding  the  phenomenon  that  the  crystals  show  a  rotation 
opposite  in  direction  from  that  of  the  solutions  it  may  be  said 
that  this  depends  on  the  activity  of  the  molecules.  It  is  well  I 
known  that  with  many  substances  the  direction  of  rotation  is 
dependent  on  the  concentration  of  their  solutions.  For 
example,  malic  acid,  sodium  malate  and  banum  malate  show  a 
negative  rotation  in  dilute  solutions  which  decreases  with 
increasing  concentration,  becomes  zero  (for  malic  acid  in  34 
per  cent,  solution)  and  then  goes  over  into  a  right-hand  rota- 
tion This  would  remain  if  the  substances  were  finally  brought 
to  the  solid  condition.  The  sam&  phenomenon  is  exhibited  by 
solutions  of  flf-tartanc  acid,  the  specific  rotation  of  which  is 
given,  according  to  Th  Thomsen,1  by  this  formula  : 

[a]  3  =  -1.265  +  0.1588  g 

According  to  this  the  point  of  inactivity  is  reached  in  a  solu- 
tion with  8  per  cent,  of  water  and  the  solid  substance  would 
show  left  rotation,  as  Biot2  indeed  found.  The  alkali  tartrates, 
however,  do  not  show  this  change  of  rotation,  and  also  for  the 
rubidium  salt  of  dextrotartanc  acid  it  is  evident  from  the 
above  formula  of  Rimbach  that  even  in  the  most  concentrated 
solution  or  in  dry  condition  it  can  not  exhibit  left-hand  rotation. 

As,  therefore,  the  activity  of  the  molecules  produces  no 
change  in  the  diiectiou  of  rotation,  it  follows  that  in  the  struc- 
ture of  the  crystals  must  be  found  the  reason  why  these  rotate 
oppositely  from  their  solutions.  Consequently  it  may  be 
assumed  that  m  the  case  of  the  rubidium  salt  of  rf-tartanc 
acid  the  observed  rotation,  ctD  =  —  10.24°,  is  compounded 
froin  the  molecular  rotation,  aD  —  -f-  0.69°,  and  a  crystalline 
rotation  amounting  to  #/>  =  —  10.93°.  The  crystalline  rota- 
tion would,  therefore,  be  about  sixteen  times  as  great  as  the 
molecular. 

Strychnine  sulphate,  (CnH22N2Oa)2.H2SO4.6H2O.— In  the 
tetragonal  crystals  rotation,  left-handed,  was  first  observed  by 

*  Thomseu '  J.  prakt  Cliem.  [2],  33,  213 
»  Biot-  Ann.  cluin.  phys.  [3],  a8,  351. 
2 
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Des  Cloizeaux.1  H.  Traube2  found  aD  =  —  13.25  for  i  mm 
The  solutions  are  also  left-rotating.  According  to  WyroubofP 
strychnine  sulphate  is  not  a  true  circularly  polarizing  sub- 
stance It  may  be  obtained  in  two  forms,  of  which  one  is 
quadratic  and  optically  inactive,  while  the  other  is  built  up  of 
layers  of  clinorhombic  plates.  Light  passing  through  these 
last  crystals  is  partially  elliptically  polarized 

Further,  amylamme  alum  would  belong  also  in  the  group  if 
the  statement  of  LeBel4  is  correct  that  it  shows  rotation  in 
crystallized  and  dissolved  form.  But  according  to  WyroubofF 
while  the  crystals  show  anomalous  double  refraction  they  are 
not  circularly  polarizing. 

Finally  it  must  be  remarked  that  circular  polarization  should 
be  expected  in  all  those  optically  umaxial  and  regular  crystals 
of  substances  which  exhibit  molecular  rotation  The  reason 
why  this  has  been  observed  in  but  few  cases  up  to  the  present 
time  may  be  found  in  the  fact  that  the  rotating  power  of  many 
bodies  is  too  small  to  be  detected  in  crystal  plates,  to  which, 
on  account  of  the  necessary  homogeneity  and  transparency, 
only  a  slight  thickness  can  be  given  In  conine  aluminum 
alum  (C8H1YN)2.H2S04  +  A12(SOJ8  +  24H2O,  and  m  coniue 
iron  alum  (C8H1TN)2.H2SO4,  +  Fe2(SOt)s  +  24H3O,  which 
both  crystallize  regularly  tetartohedral,  H  Traube6  could 
find  no  evidence  of  circular  polarization,  even  when,  by  piling 
up  clear  octahedra,  layers  of  i  to  3  cm.  were  obtained.  In 
aqueous  solution,  however,  optical  activity  was  present, 
although  small  ;  for  the  aluminum  salt,  with  c  <=  46,  [«]„  =- 
+  o  70°  and  for  the  iron  salt,  with  c  =  66.8  \a~\D  =  -f  0.53° 
were  found. 

8.  Third  Class.  —  Bodies  which  are  active  only  in  amorphous  con- 
dition (natural  liquids  or  solutions). 

The  substances  of  this  class  are  carbon  compounds  exclu- 

sively ,  no  inorganic  substances  are  known  which  belong  here. 

The  following  tables  give  a  general  summary  of  the  active 

1  Des  Cloizeaux    Pogg  Ann  ,  102,  477  (1857) 

s  H  Traube    iLandolt-Boernstem's  phys  cheni  Tab  ,  and  3d  p  460 

»  Wyrouboff    Bull  Soc  Mm.,  7,  10  (1884) 

*  I*  Bel    Ber  d  chem  Ges  ,  5,  391  (1872). 

6  Wyrouboff    Ann  chim  phys  [61,  8,  340  (1886) 

•  H  Traube  •  N  Jahrb.  fur  Min  ,  Beil  ,  y,  625 
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organic  compounds  with  their  optical  modifications.  Of  the 
last  the  right-rotating  are  designated  by  -|- ,  the  left-rotating 
by  — ,  the  racemic  bodies,  which  may  be  split  into  their  anti- 
podes, by  r,  and  the  inactive  forms,  which  can  not  be  split  up 
by  i.  The  letter  /  is  used  also  with  some  inactive  bodies  of 
unknown  constitution,  which  on  account  of  the  connection  are 
grouped  with  other  substances.  In  the  symbols,  d(-\-),  d( — ), 
/(-1-),  /(•—),  d  and  /  indicate  the  derivation  from  a  right- or 
left-rotating  parent  substance,  while  -j-  and  —  indicate  the 
direction  of  rotation. 

For  those  bodies  which  have  been  studied  in  solution  the 
solvent  is  mentioned,  because  this  sometimes  exerts  an  influ- 
ence on  the  direction  of  rotation 


W    -  water. 
A  —  alcohol 
E  -etlira 
Ac  --  acetone 


B  =  beii7ene. 

C  =  chloroform. 
Aa  •—  acetic  acid. 
Bo  =  borax 


/  indicates  that  the  body  is  m  itself  a  liquid. 

As  far  as  space  permits  the  constitutional  formulas  of  the 
substances  are  given  and  in  a  manner  which  will  indicate  the 
asymmetnc  carbon  atom,  and  that  is  by  placing  the  four 
groups  connected  with  it  in  parentheses. 

The  data  on  specific  rotations  will  be  given  later  in  the 
section  on  constants  of  rotation. 


i    Hydrocarbons, 

Methylethylpiopylmctlmnc,  (C,,ir7)(  CJ- 
Diamyl,(C,IIri)(CII»)(II)C(CIIa-CHa)C(II)(CH11)(CJIIr,) 
Phenylamyl,  (C,,IIriCHJ)(C!lIIB)C(CII!1)(H)  .......... 

iBobutylamyl,  (C,II6)(CHB)C(H)(C4II,)  .............. 

Ethylamyl,  tC8 


2.  Monohydric  Alcohoh  and  Derivatives 

Methylclhylcarbiuol,  (CSH5)(CH3)C(H)  (OH)  .......... 

Derivatives  :  chloride,  iodide  .................... 

Amyl  alcohols  : 
Methylethylcarbmcarbinol,  common  active  amyl  alcohol, 

(duH5)(CH8)C(H)(CH,OH)  ........................ 


/ 
/ 
/ 
/ 


2O 
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Derivatives:  (a}  From  /-amyl  alcohol:  chloride,  bro- 
mide, iodide,  cyanide,  sulphydrate, 
thiocyanate,   ether,  ester,  aniylsul-         •] 
phuric  acid,  diamylamine,  tnamyl- 
amine  and  salts  of  ainylarmne  •  • 

Amylamme ••• 

(<$)  From  rf-amyl  alcohol    iodide 

Methylpropylcarbmol,  (C8HT)(CHS)C(H)(OH) —  r 

Denvatives    From  the  /-alcohol :  chloride,   iodide 

Acetm,  propin,  butynn 

Hexyl  alcohols 
Methylethylpropyl     alcohol,      (C^H,)(CHa)ClH)(CH, 

CH2OH) I 

Ethylpropylcarbmol,  (C8H7)(C2H5)C(H)(OH) -\          r 

Denvatives    Chlonde f 

Iodide /  + 

Methylbutylcarbmol,  (CiH9)(CH,)C(H)fOH) / 

Methylamylcarbmol,  ( C6Hn)(CH3)C(H)(OH) f 

3   Dihydrtc  Alcohols  and  Derivatives. 

Propyleneglycol,  (CH3)(H)C(OH)(CH2OH) /    J- 

Denvatives    From  /-propyleneglycol   propyleue- 

oxide f     \- 

Diacetin,  mono-  and  dichlorhydrin, 

Chlorbromhydnn /     - 

Chloracetm,  chlorbutynu f 

Diphenylglycol 

Denvative        Diphenylethylenediamine,      [(C,,PIC) 
(NH2)(H)C]2 

4    Tnhydnc  and  Tetrahydnc  Alcohols  and  Derivatives. 
No  optically  active  compounds  are  known. 

5  Pentahydric  Alcohols 

Arabitol,  C6H1205      W  +  So 

Xylitol,  C5H1206 W(-\-Jlo\ 

Adomtol,  C5HI205 W(  + 

Rhammtol,  C6HM06 

Quercitol,  C6HJ2O6  (cyclic) 

6  Hexahydric  Alcohols. 
rf-Manmtol,  C6H14O6 

W-\-  Bo  and  other  salts 

7-Manmtol, 
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Derivatives  •  From  a?-mannitol,  isomanmtol  ( W,A,)t 
/3-mannitol  ( W) ,  hexaacetate  ( W} , 
hexachlonde  (B} 

Manmtoldichlorhydrin  ( W} 

d-Sorbitol,  C8HUO6 W 

W-^  Bo,  alkalies 

/-Sorbitol,  C8HWO6 W  +  Bo 

rf-Iditol,  C8HUOB W 

/-Iditol  C0HUO8 W 

Dulcitol,  CoH^Oe W 

Talitol,  C8HU08 W 

Rhamnohexitol,  C7H16Oa W 

flf-Inoaitol,  CcHj2O8  (cyclic) W 

Hexaacetate A    -\- 

/-Inositol W 

Hexaacetate A 

z-Inositol W  r 

Bornesitol,  methyl  mositol,  C7H14Oa  (cyclic) W   -f 

Pimtol,  C7HUO,  (cyclic) W   + 

Quebraclutol,  C7H,.,OB  (cyclic) W 

7   Heptahydric  Alcohols 

Volenntol,  C7H,,,O7 W 

o-Glucoheptitol,  C7H1007      W  z 

a-Galaheplitol,  C7H18O7 W    ? 

of-Mannoheptitol,  C7H10O7     W 

W+Ba    -f 

/-Maunoheptitol,    C7Hlfl07          '  f 

*-Mannoheptitol,   C7H1BO7    k'  r 

8  Octahyd)  u  Alcohols 

^-Mannooctilol,  CHH1H0M .     .     W 

/-Glucooctitol,  CHH1HOB W 

9  Nonahydric  Alcohols 

Gluconomtol,  C,,HaoO9 ? 

10   Acids  with  Two  Atoms  of  Oxvgen,  and  Derivatives 

Valeric  acid,  (CJH5)(CH!1)C(H)(COOH) /   _| 

Derivatives    From  rf-valenc  acid    ester,  valeralde- 

hyde,  valeryl  chloncle / 

Caproic  acid,  ( C,H, )  ( CH, ) C(H )  ( CH,COOH ) / 

Derivative    Hexyle,ster /  _| 

u    Acid*  with  Three  Atoms  of  Oxygen  and  Derivatives 
Kthylulene  lactic  acid,  (CH,)  (H)C(OH)(COOH) W   -f 
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Derivatives:  From  ^-(sarco)lactic  acid  salts,  esters, 

anhydride  (alanin?) W 

From  /-lactic  acid:  salts,  esters,  anhy- 
dride   •  •  •  •  • W 

a.Qxybutyric  acid,  (C2HBKH)C(OH)(COOH) W 

0-Oxybutyric acid,  (CH8)(H)C(OH)(CH2COOH) W 

Phenylglycohc  acid,  (C6H6)(H)C(OH)(COOH) W 

Isopropylphenylglycohc      acid,      (C0HB)(C8H7)C(OH) 

(COOH) W 

Tropic  acid,  (CGHB)(H)C(CH2OH)(COOH) W 

a-Amido    propionic    acid,     alamn,    (CH8)(H)C(NH2) 

(COOH) W 

Phenyl-a-amidopropiomc    acid,     (CH8)(H)C(NHC6H6) 

(COOH) W 

o-Amidocaproic       acid,     leucine,     (CtH9)(H)C(NH2) 

(COOH) W 

acids  or  alkalies 
Derivatives'  Phthalylleucme,  leucmephthahcacid. 

Cystin,  (CH8)(SH)C(NH2)(COOH) W,  HC1 

Derivatives-  Phenyl  cystin,    (CH8)(C0H6S)C(NH2) 

(COOH) W,  NaOH 

Bromphenyl  cystin W,  NaOH 

Phenyl  mercaptunc     acid,       (CH3)— 
(C6H6S)C-(NHCOCH8)(COOH)...   A 

Bromphenyl  mcrcaptunc  acid A 

Sodium  salt  of  same W 

Oxyphenyl  alanin,  tyrosin,  (HO  C,,^  CH2)(H)C 
(NH2)(COOH) y,NaOI"  ~ 

Parasorbic  acid,  (C2H6)(H)C(O)(CH=CH-CO)  / 

Ricmoleic  acid,  (C8Hn)(H)C(OH)(CH  C  C8H1(1.COOH) 

Ricinelaidic  acid,  (isomeric  with  ricinoleic  acid)  . . .  .Ac}  A 
Ricinstearolic  acid,  CWH80.OH  COOH Ac 

12.  Acids  with  Four  Atom':  of  Oxygen  and  Derivatives, 
Pyrotartanc  acid,  (CH8)(H)C(COOH)(CH2.COOH)..  •  W 

Glycenc  acid,  (CH2OH)(H)C(OH) (COOH) W 

Derivatives-  Salts  and  esters  of  the  rf-acid W 

Phenyl-a-bromlactic acid,  (C,HB)(H)(OH)C-C(Br) $Hj 
(COOH) W 

Phenyloxyacrylic  acid,  (C6H,)(HXO)O-C(O)(H) 
(COOH),  salts W 

Phenyldibrompropionic  acid,  cinnamic  acid  dibromide, 
(C0H6)(H)(Br)C— C(Br)(H)f COOH) A 

Phenyldibrombutync  acid,  (CflH5)(H)(Br)C— C(Br) 
(H)(CHaCOOH) A 


+ 


? 


r 


r 


JL.   --r—  y 


+ 


r 


+ 


+ 
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13.  Acids  with  Five  Atoms  of  Oxygen  and  Derivatives. 
Trioxybtttyric  acid,   (CH2OH)(H)(OH)C— C(H)(OH) 

(COOH) W   + 

Shikimhiic  acid,  C7H10O5  (cyclic) A 

Derivatives'  Triacetyl,  propionyl,  butyryl  esters,  hy- 
droshikitmnic  acid,  dibrotnshikiininic 

acid W 

Bromshikiminic  acid  lactone W   -f- 

Dioxyhydroshikiminic  acid W 

Malic  acid,  (H)(OH)C(COOH)(CH2COOH) W   -\ r 

d-Malic  acid,  according  to  concentration W 

anhydrous 

/-Malic  acid,  (common  acid)  according  to  concen- 
tration    W   + 

anhydrous 
Derivatives'  Of  /-malic  acid:  malates,  esters,  amide.  •  W 

Acetylmahc  acid W,  Ac 

Acetylmalic  acid  anhydride -f,Ch 

Propionyl-,  butyrylmalic  acid,  and  an- 
hydride  Ch 

Methylmahc     acid,     (CH3)(COOH)(H)C— C(OH)(H) 

(COOH) W 

Chlorsuccinic  acid,  (C1)(H)C(COOH)(CH2COOH).. ..  W 
Methoxysuccinic       acid,       (CH8O)(H)C(COOH)(CH2 

COOH) W   -\ 

Ethoxysuccmic  acid W   -f   —  r 

Unmidosuccinic     acid,      (H)(NH.CO.NH)C(CO;(CHi 

COOH) IT. 

Uramidosuccinamide,       (H)  (CHj.CO.NH,)  C  (NH  CO 

NH,)(COOH) 

Asparticacid,  (H)(NH!!)C(COOH)(CH1!COOH) W   -\ r 

Common  aspartic  acid,  in  alkaline  solution — ,   in 
acid  solutions  +• 

/3-Asparagm,  (H)(NHI)C(COOH)(CHI.CONH,) W   + 

/-Asparagin,  in  alkaline  solution—,   in  acid  solu- 

tion-J  .    ... 

Oxyglutanc  acid,  (H)(OH)C(COOH)(CaH4.COOH). ..  W         —  r 
Glutanumc  acid,  (H)(NH.j)C(COOH)(C2Hd.COOH) 

W,  acids    -(-  —  r 

rf-Acid W  +  alkalies 

d-Amide \ .  -HC1  -f- 

Pyroglutannnicacid,  (H)(NH)C(C,H4CO)(COOH)1  and 

amide  •• W   -f  —  r 

a.JsotrioxyvSteanc  acid,  C17H8l!COH)j,COOH. 
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14.  Acids  with  Six  Atoms  of  Oxygen  and  Derivatives. 

[The  aldehydes  of  these  monobasic  acids  are  descnbed 
as  oxyaldehydes  (sugars)  below.] 

Tartanc  acid,  (COOH)(OH)(H)C— C(H)(OH)(COOH)  W   H r 

Denvatives    Of  ^-tartaric  acid  •   neutral   and  acid 
salts,  esters,  methyl  and  ethyl  tartanc 

acid  salts,  tartramide W 

Diacetyl  tartaric  acid  anhydride  and 
diethyl,  dipropyl  (Ac,  A),  dibutyl 
ester,  di-benzoyl  tartaric  acid  anhy- 
dride (Ac) + 

Diacetyl  tartaric  acid  and  salts,  dia- 
cetyl  tartaric  acid  dimethyl,  dibeu- 
zoyl  tartaric  acid  hydrate,  dimethyl, 

diethyl,  and  dibutyl  esters A 

Derivatives    Of    /-tartaric    acid    neutral  and  acid 

salts,  amide W 

Diacetyl  tartanc  acid  dimethyl  ester  •  •  A    + 

Arabonic  acid,  C6H10O8 ;  lactone,  CBH8OB W 

Ribonic  acid,  C6H100,j,  lactone,  C5H8O6 W 

Cadmium  salt W 

Rhamnomc  acid,  C6H12O6,  lactoue W 

Xylomc  acid,  C5H10O0 first  --,  then 

Strontium  salt      W   + 

Ivyxomc  acid,  C5H10Ofi W   + 

Saccharmic  acid,  C6H12O,,,  lactone  (saccharin) W 

Sodium  and  calcium  salts  •          •     ....     W 

Isosacchanmc  acid,  C6H12OB,  lactone  (isosaccharm) W    + 

Sodium  salt W 

Anilide A  r 

Metasacchannic  acid,  C6H120(),  lactone  (metasaccharin)  W 

Quinic  acid,  C7HUO0  (cyclic) W         —  r 

Chitanc  acid,  CflH1006         ? 

15    Acids  with  Seven  Atoms  of  Oxygen  and  Derivatives. 

[For  aldehydes  see  under  oxyaldehydes  (sugars),] 
Trioxyglutaric     acid     (from    arabinose)      (COOH)«. 

(CHOH)8 .".  W 

Potassium  salt W   -|- 

Saccharomc   acid,     (COOH)(OH)(H)C— C(II)(OH)— 

C(CH,)(OH)(COOH),  lactone W 

flf-Gluconic  acid,  C8H1207,  calcium  salt,  lactoue W   H~ 

J-Glucomc  acid,  CBH1207,  calcium  salt.  W 

i-Glucomc  acid,  C8HiaOT W 

Glucoronic  acid,  CBH10O7 W 
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Derivatives'  Thymol-  and  dichlorthymolglucoromc 

acid 

rf-Gulomc  acid,  C,,HiaO7,  lactone W 

/-Gulomc  acid,  C,,H,A ;  laclone W 

Phenylhydiazide W    f 

4-Gulomc  acid,  CbH12O7 

rf-Mannomc  acid,  CBHi.,OT;  lactoue W   -\~ 

/-Maniiouic  acid,  CttHwO7,  lactone  ., W 

t-Manuonic  acid 

rf.Idomc   acid,    CflH,,O7,    cadmium    salt   -f    cadmium 

bromide 

/-Idonic   acid,    C0H,.,O7;    qadmium   salt   -\-    cadmium 

bromide 

rf-Galactonic  acid,  CaHuO7;  lactone W 

Derivative   Calcium  .salt  W   ^ 

/-Galaclonic  acid,  C8HUOT;  lactone W   + 

z-Galactomc  aci<l,  C,,H,aO7 • 

Talomc  acid,  C8IIi3O7 W   + 

a-Rhuimiohexomc  ucid,  C7HUO7;  lactone W 

jS-RlwimioliejEonic  acid,  CTHHOT;  lactone W 

Clutamimc  ucid,  CftHuCNHJO,, ?     + 

Oxyglucouic  acid,  CflII,,,O7   |-  2H/) W 

16.  Acith  with  Eight  Atoim>  of  O.\ygen  and  Derivatives 

Dibasic  acids  (tctroxyadipic  acids) 
(/-Sacclmni'  acid,  C,,H,,,()H ,  lactone,  ammonium-, potass 

salt W'| 

/-Saccharic  acid,  C,,!!,,,^,,;  potassium  halt        W" 

«-Sacchanc  aoid,  CJI,«<)K W  r 

Isosacchanc  and,  CHII,,,(>M,  divtlwl  ester,  diamule.  W 

rf-Mannosaochanc  mMd,  C(1H,(IOH,  lactone,  CflH,,()(,  ••     •     W 
/-Maimnsiiochiuu' acid,  C,,IIU|OH i  lactone.   .    •  ...//' 

/-Mannohat'clumo  aoid,  CnIIi»OH     W  r 

//-Idosttcchanc  acid,  C,,II,,|()M  

/-rdostiochauc  acid,  CuHmOn      •••  

Mucioaoid,  CBH,n<)» * 

Allomucic  acid,  C»HI,,()H 

rf-Taloniucie  iicid,  C,,nu,OM W    -\ 

/-Tulomucic  aoid,  C,,I !,„()„ 

Monobasic  acids  (hq>lome  acids). 

tt-Glucoht'ptoJiic  acid,  CtIIuOM;  lactone W 

l-GlucohepUmic  acid,  C\nl4()H;  lactoue W 

rf-Oalact08Ccarl>oxylic  acid,  C7HUON;  bnnum  salt W 

tf-Fructosccarboxylic  ucid,  C7HU0H;  lactone  W 

rf-Matmoheptonic  acid,  C7HW0«  and  lactone W 
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/-Mannoheptonic  acid,  CTHUO8;  lactone W     \- 

t-Mannoheptomc  acid,  C7HUO8 W 

Rhamnoheptomc  acid,  C8Hj6O8;  lactone W   + 

17.  Acids  with  More  Than  Eight  Oxygen  Atoms  and 
Derivatives 

Dibasic  acids. 

/3-Glucopentoxypimelic  acid,  C7H1209,  lactone  acid...   -  W   + 
o-Glucopentoxypimehc  acid,  CtH12O9 W 

Monobasic  acids 

a-Glucooctomc  acid,  C8H18O9,  lactone W   -f 

/3-Glucooctomc  acid,  C8H16O9,  lactone W   -f 

Rhamnooctonic  acid,  C8H16O9,  lactone    W 

rf-Mannooctomc  acid,  C8H16O9;  lactone W 

a-Gluconononic  acid,  C9H18O10)  mixed  with  lactone...   •  W    + 
rf-Mannononomc  acid,  C9H18O10;  lactone W 

18.  Oxyaldehydes,  Aldoses,  Aldehyde  Sugars 

(a)  Pentoses 

/-Arabmose,  C6H10O8 W 

Denvatives:     Osone,  tetracetate    (A),    diacetone, 

benzylarabmoside  ( W},  H- 

/3-Arabmochloral,  CTH6C18O5 W 

Phenylosazone  (^i) beginning    4    then   i 

rf-Arabmose,  C6H1006 ^ 

*-Arabmose,  CBH10OB 

Rhamnose,  CaHJ2O6 W 

A 

Derivatives'  Phenylhydrazone,  oxime W   + 

Ethyl-,  methylrhamnoside A 

Fucose,  C0H12OB W 

Xylose,  C5H10O5 W 

Denvatives   o-Methylxyloside.  W  + 

/3-Methylxyloside,  xylochloral,  osazone  A 

Lyxose,  CBH1005 W 

(b)  Hexoses- 

</-Glucose,  C0HUO0 A,  W 

Derivatives    a-Methyl-  and  a-ethylglucoside  (  W}, 
Chloralose     [C8HuClnOfl]    (A,    alka- 
lies),   acetochlorhydrose     [C0H,OC1    \    + 
(C2H8Oa)J,    octoacetate,    (JB\    pent- 
acetate    (C),    glucoseamnionia    ( W)  . 
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Mercaptal  (W),  diacetone,  phenyl- 
hydrazone  (fi^),  osazone  (Aa\  osoue 
( JF),  oxime  ( W),  dextroseamido- 
guamdme  hydrochloride  ( W}^  anihde 
and  toluidide  (-4),  anhydroglucose- 

levoglucosan 

/-Glucose,   CflHjaOg W 

Derivatives:  a-Methylglucoside W 

Osazone '. . . .  .  Aa    -f 

*-Glucose,  CaHujOa 

Glucosamine,  C0Hu06NHj, salts,  W   -\~ 

Isoglucosamine,  C<,HuO8NHj[ salts,  W 

rf-Gulose,  C0Hi2Ofl W          ? 

/-Gulose,  C0H,j,O8   sirup,  W   -f 

t-Gulose,  C6HiA W 

rf-Mannose,  C0HuO0 W   -f 

Derivatives  :  Oxime • W 

Phenylhydrazone  (W  -\~  HC1),  osa- 

7one (Aa] 

/-Mannose,  C0Hi2On sirup  W 

Derivatives:   Phenylhydrazone  ( W   +  HC1),  osa- 

W^    S3^*         zone (Aa)  + 

*-Mannose,  C6H12Oa W 

^-Galactose,  C0HiaOa W   -f- 

Derivatives:  Oxime  (  W),  a-metliylgalactoside  (  W}, 
^-methylgalactoside    (W    -\     borax) 
ethylgalactoside  ( W),  pentacetate  ( C) 
Aiuhde,     toluidide,    phenylhydrazone  A 

Mercaptal W 

Osazone 

/-Galactose,  CflII,A W 

Derivatives:  Plienylhydra/one W    }• 

Osa/onc  ? 

j-Gnloclo&e,  e,H,jO, W  r 

Tolobe,  C6HWO, W   +        r 

vSorbohc,  C8IIWO6 W 

Derivative    Methylsorboside W 

Idose,  Calico,, W  +?  +?  r 

Rlummoliexo.se,  C^I^O,, W 

c)  Heptoses: 

tt-Glucoheptose,  C7IIi4O7 W 

Mamiolieptose,  C7HU0, W  -f   —  r 

Rhanmoheptose,  CBHiflO, W  + 

d}  Octoses: 

o-GlucooctOhc,  CHHiaOH W   + 

flT-Mamiooctose,  C8H]808 sirup  W 
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e)  Nonoses 
Glucononose,  C0H18O9  ..........................  sirup  W 

Mannononose,  C9H18Ofl  .........................  W 

19.  Oxyketones,  Ketoses,  Ketone  Sugars. 


<£-Fructose,  levulose, 

Derivatives.   Oxime,    amlide  (A],   osazone   (Aa) 

pentacetate  .......................    C 

/-Fructose,  C6H12Oa  ...............................  W 

Derivative:  Osazone  ......................  A'  a 

z-Fructose,  cuacrose,  CBH12OB  ..................... 

Invert  sugar  ==  rf-glucose  (dextrose)  +  «af-fructose  (levu- 
lose) ...............................  .......  W 


20   Disaccharides, 

Cane  sugar W 

Milk  sugar  (  +  HaO).   .-   W 
Maltose  (+  H,O)        •    •••     W 

Isomaltose W 

Trehalose  (my cose)     (  +  2 


W 
W 
W 
W 
W 
W 


H20) 

Melebiose 

Turaiiose 

IvUpeose    

Cyclamose   

Agavose 

21    Tnsacchandes,  C18H32O10 
Meletnose,  raffinose  (  +  5 

H20) W 

Melentose  (  +  2H2O)    •  •  •  W 

22.  Polysaccharides. 
Gentianose,  C30HB2O31  ?  •   •   -W 

Lactosm,  C3BHBliO31  ?  W 

Stachyose,  ? W 

23*  Carbohydrates,  (C6H10O6)». 
Amorphous  soluble  starch  .  W 
Crystallized  soluble  starch, 

amylodextnne W 

Achrodextrine W 

Maltodextnne W 

Wood  dextrine W 

Fermentation  gum,  dextrane  W 

y-Galactan W 

a-Galactan W 

Glycogen W 

Fermentation  mucin W 

Cellulosm W 


:ellulose  (CuO-ammoma,  HC1) 

and  ft  Amylan W 

Gelose    W  +  acids 

Graminm W 

Inulin W 

Insin W 


W 

W 
W 
W 
W 


Levosan     

Simstrm 

Triticm 

(synanthrose) 

24  Gums 
Arabm,  arable  acid-  •  •  • 

Wood  gum,  xylan 

Vegetable  mucilage 
Wine  gum     

25    Pectin  Bodies  W,  -]-,  — ,  * 
26.   Alcohols  and  Acids  of  Un- 
known Structure 
Quebrachol,  C20H31O       ••   •    C 

Cupreol,          "  "    "   A 

Cinchol,          "  "  "  C 

Cholestol,  Ca2H38O    A 

Cholesterm,  C2CH41O  A 

Phytocholestenn,  C28H4tO  •  A 
Isocholestenn,  "  "  "  E 
Paracholesterm,  "  "  "  •  C 

Caulostenn,  •    C 

Qumovic     acid,     C32H18O8, 

K-salt W 

Qumaethomc  acid,  CUH18O9  W 
Atractylic  acid,  C30H6tS2O18, 
K-salt W 


'.  \  5* 
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27.  Terpenes,  C10Hia. 
i.  Pinene  (Australene  +,  Terebenthene  —  ) . .    f 

Hydrochloride,  C10H10HC1 A 

Hydrobromide,  C10H10HBr A 

rf-Dibromide,  C10H10Br2 f 

^-Nitrosochlonde,  CIOHIONOC1 r 

/-Aldehyde,  C10HU0 f 

2    Camphene ^ 

/-Hydrochloride ,  C10H10HC1  .   ......... 

«- and'0-Camphene  phosphomc  acids,  C10H16 

•"zPQs  •    •  • ' 

3.  Fencheiie 

4    JLvtnonene 


T  &4 


H- 


f 


f 


Hydrochloride,  C10HJOHC1 /• 

Tetrabromide,  C10HlflBr4      c 

a-Nitrosochlonde,  CIOHMNOC1        "    C 


d  (  +  ) 


acetic  ether 


a-Benzoyl  nitrosochloride, 

C10H10NOC1  C»HB0 

af-£-Ben/,oyl  nitrosochlonde, 

C10HIBNOC1  C7H60  .  .  acetic  ether 
a-Nitrolpipefidine,  C10HMNO  NCBH10  .  .  . 
P-Nitrolpiperidine,  CIOH1BNO  NCBHIO  .... 
a-Nitrolainlide,  C,0HIb  NO  NH  C,,H,  . 
0-Nitrolamhde,  C10H1B  NO  NH.CBHa  . 
Nitroso-a-mtrolamhde,  C10HIBNO.N(NO )C(lHfi  ~C 
Nltroso-0-mtrolamhde,  CIOH18NO  N(NO)CBH/C 
a-Nitrolbenzylamine,  CinII1BNO  NHC7HT  .  '  C 
"  "  hydrochlonde  and  nitrate 

rf-Limonene-a-introlbenyylaniiiie-^tartrate . . 

.   , W  \-A 

l~  "        "  "          i  W+A 

d-               "             "  ; 

/~  '  «<  J 

Cai voxime,  C10HMNOH 

fro"i  «- and /5-mtiosoclilonde 

Benzoylcarvoximc,  C]0HUNO.COC0H6  . .     . 

5    Sylvestteiie 

Dihydrochloiide,    hydrobromide,    tetrabio- 

inide,  mtrolbenzylaniiue £ 

6.  Phellandrene -- 

Nitrite,  C10H1BNa08 .'.'.'.'.'.'.'.'.' .' .' .' .'    c 


d  (  +  ) 


/  f- 


*  c- 


IV  +  A 


/ 


(-f 


'  (-1 
d(  + 

'  (-1) 


-1- 


7-  Isoterpene 

8.  Terpenene 

1  Dipentene. 


/ 
/ 


/  (- 


H- 

i. 

/  (+) 
+ 


Lib        B'lc 


HSc 
541,7  N02 
III  iiiiiiiiiiiiiin 


CLASSIFICATION  OF  ACTIVE  SUBSTANCES 


9    Teypinolene  and  tetrabromide 

Cadinene,    C16H24,   (and  hydrochloride,    bro- 
mide, iodide) 

Patch-oulme,  C15H24 

a-  and  jS-Amynlene,  C^H^ 

Tetraterebenthene,  C40H64 

Menthene,  C10H18 

Menthonaphthene,  C10H,j0 

28    Camphors  and  Derivatives. 

Menthol,  C10H19OH 

Menthylamine,  C10H19NH2. 


C 

B 

B 

f 

f 

f 

A 
f 

W 


B 
B 
C 
f 

A 
A 
A 


hydrochloride,    bromide, 

iodide ' ••"" 

Formyl,  acetyl,  propionyl,  butyryl  menthyl- 

amine " 

/-Menthylesters    of    benzoic,    succmic    and 

phthalic  acids  

/-Menthylcarbonate,  (C10H19)2CO8 

/-Menthylurethane,C10H19O  CO  NH2 

Menthone,  C10H18O  

Menthoneoxime,  C10H18  NOH  and  hydro- 
chloride  

Iso-/-menthoneoxime,  C10H18NOH 

Menthomtrile,  CBH17CN(/)   "  •  •  •  • 

Terpine,  C10H18(OH)2  and  hydrate  (.  +  H2O).    J 

Terpwtol*  C10H17( OH) •  •  •  ••  ••  •  • • J 

Cineol  feucalyptol,  ca]eputol) ,  C10H18U J 

*-Borneol    (a-camphol),    C10H17OH,     Borneo- 
camphor  +,  valenan  camphor— A 

Bthylborneol,  C10H17OC2H5 J 

Bornylchlonde,  C^H^Cl,  bornylamine, 

Bornyl  acetate.benzoate,  neutral  and  acid  sue- 
cmate,  neutral  and  acid  phthalate,  carbon- 
ate   A 

Bornyl  phenylurethane ^^T ?  , 

Chloral  bornylate(C10H1T0)(H)CCOH)(cas)|^ 

Bromal  bornylate •  ••••••  •  • ' '  • "  • 

/3-Borneol  (j5-camphol),  isocamphol,  fromrf-and 

/-camphor 

jptaol,  sobrerone,  C10H16O . .  - . .  -  • '  • " ' '^. ^ 

Pinol hydrate,  sobrerol,  C10Hi6U.±±.Uii.  •••• 
6O,  laurel  camphor  +       "*     " 
ria  camphor — , 


<*(+) 


I  (-> 


I  (-) 


4- 


<*(+) 


(-) 


c-) 


ACTIVE  ORGANIC  COMPOUNDS 


Derivatives  from  d-  and  l-camphor  - 

Camphoroxime,  C10H16NOH A    I  (-M  d  (~) 

Camphoroxime  hydrochloride,  CMHj8NOH. 

HC1 A    I  r-i  d{~} 

a-Camphor  sulphochloride,  C10HJ5OSOSC1...    C  rf(-)  /  f— ) 
Benzalcamphor,    C10HW0  C7H6,   benzylcam- 

phor,  C10H,,0  CTH7 A  ,<*(+)  /  t~)   r 

Derivatives  of  d-camphor* 
o-Nitrocamphor,  C10H15NO3 B,  A  _ 

Salts ." #;  A       ~ 

£-Nitrocamphor,  CloHlsNOj A       ~ 

B 

a-Chlormtrocamphor,  Ci0HuClONOa A  — 

/3-        "  "  "         "     A       ~ 

Brommtrocamphor,  CjoHnBrONO,, A  _ 

a-Nitrosocamphor,  C10Hj3O  NO £       •*• 

a-  and  P-Mono-  and  dichlorcamphor,  tnchlor- 

camphor C       ~ 

o-  and  'P-  Bromcamphor,  C]0H,5BrO A       ~  r 

a-  and  jB-Chlorbromcamphor,    CwHuClBrO, 

lod  camphor,  CMHiSIO C  '     ~ 

Camphor  sulphonic  acid,  C10H15O  HSO,  ....  tt'\  t 

Camphor sulphonamide,  C10H,3OSOj.NH2..    C1     — 
a-Chlorcamphor  sulphonic  acid,  C10HUC1O         \ 

HSOSl II'       ~ 

Salts rr     -    ! 

o-Chlorcamphor     sulphouchlonde,      C10HU 

C10,S02C1     C,A       -     ' 

o-Chlorcamphor    sulphonamide,    C10HUC1O         ' 

SO2NH2 A       - 

a.  and  j8-Bromcamphor  sulphonic   acid   and       \ 

salts A  \     ~~ 

o-Bromcamphor  sulphonchloride  and  amide  C,  A       ~ 
Cyancamphor,  CjoH^OCN,  cyanmethyl,  ethyl,      '  ; 

propyl  and  benzyl  camphor B       ~r     ' 

Methyl  camphor,  C10H13  OCH3  and  ethyl  cam-       j 

phor A\     —     \ 

Compounds  of  camphor  with  chloral,  chloral-       j  ' 

hydrate  and  chloral  alcoholate A  .     ~r  , 

Compounds  of  camphor  with  phenol,  a-  and  J3-       | 

naphthol,  resorcinol,  salicylic  acid A 

Camphinic  acid,   C10H1602,  campholic   acid, 

Cio^igOa  and  cyancampholic  acid A 

Oxycamphocarbamimc   acid,    C^oHuO-NHa 

COOH A 

Methyl     hydroxycamphocarboxylic       acid, 

C10H18O2  CHj.COOH A 


CLASSIFICATION  OF  ACiiV.iv 


Camphoric  actds,  C10Hlfl04,  d  from  laurel  cam- 
phor, /  from  matricario  camphor 

Derivatives  of  d-catnphonc  add- 

Camphoric  acid  salts  (  W) ,  esters  (  / ) 

Camphoryl  chloride,  C10HwO.jCla 

diamide,  imitle 

Camphoryl  anhydride,  Ci0H14O1j $, 

Isocamphoric  acid,  C,0H,BO4 

Esters  of  the  /-acid 

Isocamphoric  acid,  anhydride 

Cainphocarboxyhc  acid,   Ci0H150  COOH  -  - 

rt       TV       Q 4(| f 

Camphocarboxylic  acid  esters  and  methyl- 

cainphocarboxylic  acid  esteis 

Oxycamphocaiboxylic  acid,    CUH]HO4,    and 

esters 

Cyancamphohc  acid,  C10H17O3.CN,  and  oxy- 

camphoctubatninic  acid 

Caniphoronic  acid,  C0HUO0 

Fenchone,  C10Hln  O 

Fenchyl  alcohol  (fenchol),  C10II17OII 

Fenchone  oxime,  Cl()Hlfi  NOII  • 
Deuvatwes  of  fenchone  oxime  • 

Fenchoue  nitrile,  C]0Hir,N 

Fenchylarnine,  C10HJ7NHjj 

Ben/ylidene  fenchylamine 

Formyl,    acetyl,    piopionyl,  butyryl  fen- 
chylamine   

o-  and   f>-Oxy-  and   methoxyben/ylidene 

fenchylninmc 

Pulegone,  C10II10O 

Pulcgone  hydtobionnde,  C10H|flO  Hlit 

Pulegone  oxime,    C10H,,,NOII,    and  hydro- 

chlonde 

Thujonct  Tanacetone,  C]0H10() 

Carvol,  C1(,IIMO 

Hydrogen  sulphide carvol,  CluHuO.IIaS  •«•• 

Dihydiocai veol,  C10H1H0 

Dihydrocaivone, ,  C10II10O,  /,  and  dihydro- 

carvoxime,  Cinil10NOH • 

JSucarvol,  Ci0IIuO 

1  Carvncrol. 


A 


1  (-1) 


<*(-  ) 


rf(-l) 


d( 
d( 


d( 

t  ( 


/  (     )  r 


/(I) 


ACTIVE  ORGANIC  COMPOUNDS 


Ahphdtic  Camphors  and  Terpenes. 

Licareol  (Aurantiol,  lavendol,  nerolol,  lina- 
lool),  CWH1(A  [(CH,  =  C.CHS-CH2— 
CH  =  CH)(H)C(CH8)(CHjCH2.OH)]... 

Conandrol  (  d  licareol  )  CWH16O  .............. 

Rhodinol  (citronellol  )  C,0H18O  ............... 

CUral,  C10H16O  ............................. 


Irone,  C13H200 
Citronellal,  C10H18O 


/ 
/ 


/ 
/ 


sg.  Ethereal  Otis.    Essen  fiat  Qtts. 


+ 

— 

Angelica           *    Oil 

Asafoetida             Oil 

Basil 

Carrot                      tk 

Bergamot                " 

Copaiba                  '  * 

Betel 

Cubeb                     '»     , 

Calamus                  '  ' 

Curled  mint            '  *     ' 

Caraway                  " 

Elemi                      '*     i 

Cardamom               " 

Frankincense         '  * 

Cascanlla                " 

Geranium                '  * 

Celery 

Ginger                    "     j 

Chamomile              " 

Gurjun  balsam        "     ' 

Chekenleaf 

Hemlock                 "     i 

Conander                "       I  Hemp                     "     | 

Costus                     "       1  Juniper                   "     \ 

Dill 

Kneepme                "     j 

Fennel 

Lavender                "      , 

Lemon                     "       '  Onion 

Lime                        "          Parsley                   "     ' 

Mace                       "          Rose 

Marjoram                '  ' 

!  Rue 

Mandarin                 " 

Silver  fir                  " 

Mastic                     " 

Storax                     " 

Muscat 

Tansy 

Myrtle 

Thuja                     '  ' 

Orange                    " 

Thyme 

Orange  blossom      " 

Wormseed              " 

Para-coto  bark        " 

Ylang-ylang           '" 

Pine  needle             " 

Poley 

i 

Savin                       "       ; 

Sassafras                  " 

Spike 

Star  anise                "       1 

i  From  licareol  acetate,  mellisa  oil  or  citronella  oil. 

From  rose  oil                          a  Geraniol. 

3 

—  and  — 


Andropqgon 

Cajeput 

Cedarwood 

Eucalyptus 

Fir  needle 

Sandalwood 

Turpentine 


Chi 
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CLASSIFICATION  OP  ACTIVE  SUBSTANCES 


30   Resin  Acids 

Dextropimanc  acid,  C^H^O., A 

Podocarpic  acid,  C^H^O, •"•        H~ 

a-  and  /3-Amynn,  C,0HBOO A 

Sylvic  acid,  C2|)HaoO2 A 

Guaiacic  acid,  C^H^Ci     A 

Blemi  acid,  Cs5H60O,j A 

Abietic  acid,  C^H^O., A 

31    Aromatic  Amines. 
Diphenylethylenediatnine       (NH2)  (C,,Hr,)  (H) 

C— C(H)(C,HB)(NH1) E 

a-Tetrahydrouaphthylamme  hydrochloride        \V        -[- 
I_5_Tetrahydronaphthylenediain  me      hydro- 
chloride " W       + 

32    Alkaloids 

a    Alkaloids,  of  which  Several  Optical  Modifica- 
tions are  Known,  and  Related  Bodies 
a-Methylpipendine  (a-pipecolme),  Cr,H10NCH8    /       + 
(3-Methylpiperidme  (j8-pipecoline),  C6HIDNCH,    f 

a-Tetrah3>'droqmnaldine,  C10H,,N     + 

a-Ethylpipendine,  C6H10NCjHB  / 

a-Propylpiperidme,      o-comne,       C5HU|NC,H7 

(natiual  comne, -h  ) / 

Isoconme  from  -\-  comne  (?)•••       •          /       ~\~ 
Conliydnne  (conydnne)  and  pseiulocotihy- 

drme,  CHH1TNO /       H 

Comceme,  CHHlf,N(a-  /B-  and  7  forms    in- 
active) rf-foini / 

Comceiiie,  CHH,BN  e.fonn  ...         f       \ 

Paraconine,  CHH17N  (ibopiopylpipendine)       / 

a-Isobutyl-pipendme,  CsHmNCjHo / 

Ecgonme,  C,H18NO,,  hydiochloride W 

Esters  of  ecgomne ^  -\    W   d(-\)  I 

Cinnam>l-ecgonine    methyl     cstei    (C|,H7 

CBHWO  CHa  NO,),   hydiochlonde 

Benzoyl-ecgomue  methyl  estei    (cocaine), 

C,7HalNO, ;• 

Anhydro-ecgonine,  C«H,»NOa  f  ion!  |  and  — 

ecgomne "     "  (     ' 

Ecgommc  acid,  C7IIUNO,,,  from    |   and  — 

ecgomne "     "  (     > 

Tropmic  acid,   CHHuNOi,  from    |    and  — 

7T        /  / 

ecgomne  •   •  •  • "'    "  v 

Atropine,  CnH-^NOa 

Hyoscyamme,  Ci7H.u,NO(, 


ACTIVE  ORGANIC  COMPOUNDS 
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Pseudohyoscyatmne,  C17H2SNOS A  — 

Hyoscine,  C17H21NO4 A  — 

Tropme,  C8H1SNO8 A   ,  t 

6    Alkaloids,  of  which  Only  One  Optical  Modification  is  Known 

Nicotine,  C10HUN2 / 

Salts W        + 

Solid  Alkaloids 

The  direction  of  rotation  is  given  for  the  free  bases,  dissolved  in 
alcohol  or  chloroform,  and  for  the  salts  dissolved  in  water.  Alkaloids 
which  have  been  found  to  be  inactive  are  also  included. 

Alkaloids  of  Cinchona  Bark 


u 
1 

*J 

I 

ll. 

Cupreme,             C^Hg^NjO*   

Pariome,   C16HlgN2O  •  

Cinchotenine,         C18H20NaOs 

- 

~ 

Cinchotenicine,              ' 

^^l_  «+*v**  *****.     C*       TT      X*    f\ 

^nuenme,  v.i9H..,j^(jU4  

Cinchotenidine,             " 

— 



Cinchonme,             CWH22NJO 

- 

~ 

Cmchonamme,     C.ls'R2tyJp    

j8-and  8-Cmchonine,      " 

- 

Cinchotine,                   "           — 

Benzo^lcmchonine,    " 

— 

Hydrocmchonidme,     "           —  - 

a-Isocmchomne,  1          « 

_ 

_ 

Cinchonilme,    > 

Quinamine,   CigH^NjOj  •  •  •  •    ~r  ~ 

/3-Isocmchouine,  I          u 

Conqumamme,    "                    k 

Cinchonigine,  / 

Qumamicine,       "                    —  ~ 

Apocmchonine  ,              '  ' 

r 

+ 

Quinamidme,       "                    —   l 

Diapocmchonine,           " 

|- 

-f 

Geissospennme,  "                    —  _ 

Isoapocmchonine,          '  ' 

+ 

• 

Apoisocmchonme,         " 

-f 

Qmnidme,  CajH^NjOj  •  •  •  •    

Homocmchonine,          '  ' 

-j- 

-f 

Quimcme,            "                     —  " 

Pseudocinchonme,         '  ' 

_|_ 

+ 

Quinine,               "                   —  " 

Cinchomfine,                  " 

4. 

Acetyl-andpropionylqmmne  — 

Cinchonicine, 

-f 

+ 

Nitrocamphorqumine  '  — 

Dicmchonine, 

-h 

1 

Cmchomdme                  " 



Hydroconqmnme)C.n,H.,6XjO21,  —  , 

jS-and-y-Cmchomdine,  " 

— 



Hydroquimcme,           " 

Apocinchomdine,          " 

— 

— 

Hydroquinine,             "           — 

Homocmchonidme,       " 

— 



j 

Apoqumamine,              " 
Cmcholeuponic  acid, 

i 

_i_ 

Chairamme,         CJ2H.,6N2O4  ,— 
Conchairamine,           '4          ,— 
Chairamidme,              "          '  — 

C8      IS          4 

i 

Conchairamidme,        "          ,— 

a-  and  ^-Oxycmchonme,  .   . 

i 

C19H22NjjO 

-j-  1  Cusconme,           C^HajNjO^ 

Apoquinidme,                " 

-|_!  Concuscomne,             <w          ,-r 

Apoqumme,                    " 

_l  Aiicine,                        '*          \  — 

CLASSIFICATION   OF  A^IAV*   o  «-»»»- 


Morphine,  C17H19NO8 

Codeine,  C18H21NO8 

Methocodeme,  CigH2SNCV- 
Pseudomorphme,  C34H86N2O6 

Thebame,  C19H21NOS 

Narcotine,  C22H28NO7 


Laudanosine,  C21H27NO4 
Ivaudanine,  C^H^NO,!, 
Cryptopme,  C2;iH2l|NOf, 
Papavenne,  C20H2]NQ4 
Narceine,  C28H27NOH 
Pseudonarceine, 


Alkaloids  of  Strychnos  Spedes. 


Strychnine,  C21H2!!N2O2 
Chlorstrychmne, 


Brucme, 


Other  Alkaloids. 


Aconine,  C26H41NOU" 
Acomtine,  C3SH43IS[O12  •  •   •  • 
Isoaconitine,  napelhne, 

C8,H46N012 

Lycaconitine,    C27H84N206- •• 

Arginine,  C6HUN4O2 

Bulbocapmne,  CM4HaoN2O7  (?) 

Corydaline,  C22H27NO4 

Oxyacanthme,  C18Hi9N08  •  •  • 

Pelletierme,  C8H1SNO 

Pilocarpine,  C28H8,tN4O4  •  • 
Quebrachme,  C21H26N2O8  •• 
Hyoscyamme,  C]7H28NO8 .  •  • 
Pseudohyoscyamine, 

C17H28N08 

Hyoscme,  C17H21NO4 

Aspidospermine,  C.82H,0N2O2 
Aspidosperm  atine, 

C22H2BN202 

Colchicme,  C22H2r,NO8 


Echitamme  (Dittune  )  , 


Hydrastine, 

Imperialme,  CaBH1)(1NO4(?)  • 
Hydronicotine,  C10H1(,N2  •  • 
Pay  tine,  C21H24N2O 
Sparteine,  Cir,H2(1N2 
Aribine,  C23H2()N,t 
Berbeiine,  C2flH17NO4 
Chelerythrine,   C17Hlf,NO4  • 
Cevadine,  CB1!H10NO0 
Delphinme,  C2JHltfiNOB  ••• 
Delphinoidme,  C4aH(,KN2O7 
Hydrastimne,  CjiHuNO^  • 
Melhylhydrasline, 

CJ2H2!1NO(1 

Pipermc,  C^HujNOj  •  •  • 
Staphi-sagnne,  C,,2H  ^NOr, 
Cytisine  (Sophorme), 


33    Glucosides. 


Apim,  CnHMOlfl 

a-  and  jS-Chmovin, 

C30H480B  (?) 

Conamyrtm,  C90H8(!O,0  •  • 
Amygdalm,  C20H27NOn  •• 

Comfenn,  Ci8H22OB 

Glyco  vanillin,  C14H1(tOH 
Convallamaxin,  C23HuOi,j  • 
Glucoside  from  ivy  leaves, 


A 


A 
W 
W 
W 
A 


Heliciu,  C,.,!!,,^),  ..• 
Hespeiidin,  CjgHJB()|a 
Nanngin  (Aurantin), 


Phloridziu,  C2iIIU|O10    • 
Populiu,  C«(,112/)H    •••• 

Salicin,  Cj,,HlH07    

Tetrabutyrylanpoinu , 

C,8HM0IO(C4lIT0)t. 
Thevetin,  Cri,IIwC)a4  •• 


The  synthetic  glucosides  and  analogous  compounds  with  other  8 
are  given  under  the  latter  head. 


ACTIVE  ORGANIC  COMPOUNDS 

34-  Bitter  Principles  (Santonin  Group),  Coloring-Matters 
and  Unclassified  Compounds. 
Santonin  Group   * 


37 


Santonin,  C15HJH08    C,  A 

«-  and  /9-Metasantonm, 


Santomde,  C16H]S03...  C,  A 
Parasantomde,CISH180!t.  .  C 
Metasantomde,  C,5H,HO3  .  .  C 
San  tonous  acid  (and  esters), 

Ci5H2()Oi}  .............   A 

Isosantonous  acid  (and  es- 

ters),  CuHjoO,  .......     A 

Disantonous  acid 


Santoninic  acid  (and  salts) 
^isHj.0Ol  ......... 

Santonic  acid  (and  esters), 
CuiHjoO,  ........... 

Santonyl  chloride, 

C,BH1B0,C1  ........ 


Santonyl  bromide, 

C,BH1908Br w 

Santonyl  iodide,  C15H1008I    C 
Parasautonic  acid  (and  es- 
ters), C]f)H20Ot C 

Metasantonicacid, 


Dehydi  ophotosantonic 

acid,  ClsHa(A A 

Photosantomc  acid, 

C]BH81IOB A,  C 

a-Ethylphotosautouate  . . .   A 
ft.      "          ..        .<  A 

Isophotosantonic  acid, 

Hydrosantonic  acid, 

C,5H,A A 


Bchicenn,  CaoH^O,..     .  c,  E 


Other  Bodies. 


Ecliitein,  C.aH^O 
Bclnretin,  Cj.HwOj 
Euphorbon,  C,,!!^ 
I/actucerm,  C^H,/ 
I/actucol,  Ci;)H,nO. 


C,  E 
.   E 

C 


Qimssim,  CWHUOIO(?)  • 
Ascbotonn,CuHB1Olo(?) 


C 
C 

W,  A 

Piciotoxm,  C^H.jOB  .....     A 
Erythiocentaurin,  CnH,,O|,  A 


Hcmatoxylin,  CIBH,4O8    .     A 


Cholanicaci<l)C20Hi!H0()...      A 
Cholalic  acid  (and  salts  and 

esters),  C2JH10Ofl A 

Desoxycholic  acid 

Isocholanic  acid,  CaK^O, . . .  A 
Dehydrochohc  acid,  CJ6HaoOs  A 

Bihanic  acid,  C.i5H!1()08 A 

Glycocholic  acid, 

and  Na  salt 


35   Bile  Adds. 


a-  and  0-Hyotflycochohc  acid, 
C2(,Ht8N06,  Nasalt A 

o-  and  P-IIyotflycocliolie  acid, 
CiplI«N06l  Na  salt W 

Taurocholic  acid, 

C,i(,IIjSNSOT  and  Na  salt.  W 

MlhobiUc  acid,  C80HMO8 . . ,  A 


CLASSIFICATION  OF  ACTIVE, 


36.  Proteid  Substances. 


albumin W 

Serum  albumin W 

Casein,  W(  +  HC1  or  NaOH) 

Serum  globulin NaCl  sol 

I/actalbumm W 

Glutin W 

Chondnn    W  -f  NaOH 

Hemielastin W 

Paralbumm W  +  NaOH 

Mycoprotein W-\-  NaOH 


Syutonin PF+HC1 

Propeptone W 

Protalbumose W 

Deuteroalbumose W 

Heteroalbumose  .  •  •  W-\-  NaCl 

Fibrin  peptone W 

Elastin  peptone W 

Vegetable  peptone W 

Fibrin6gen W  +  NaCl 


37.  Derivatives  of  Asymmetric  Nitrogen. 
Methylethylpropyhsobutylammonium  chloride,  N(CH,)(C2H6) 

(C8H,)(C4H9)C1 W 

Compounds  of  the  chloride  with  PtCl4  and  AuCl8 W 

Acetic  acid  salt  of  the  base W 

Sulphuric  acid  salt  of  the  base W 

tt-Benzylphenylallylmethyl-rf-camphor  sulphonate,    C8H5  CH2,N 
(C6H5)(CsH5)CH3.SOsC10HaB0 W 

Iodide,  C8Hfi  CHr-N(CaH8)(C,HBXCH,)I j acetone  + 

i.  acetic  ether 


Bromide,  C6H3.CH!!-N(C0H5)(CsH5)(CH3)Br    

38    Derivatives  of  Asymmetric  Sulphur. 
fl?-Methylethylthetme  a?-camphor  sulphonate 
rf-Methylethylthetine  rf-brom  camphor  sulphonate 
rf-Methylethylthetine  platmichlonde        - 


A 

W 
W 


As  the  table  shows,  a  great  many  active  bodies  are  knov 
and  mainly  from  the  animal  or  vegetable  organism,  wh 
have  been  found  only  in  the  one  form,  either  right  or  ] 
rotating.  On  the  other  hand,  of  the  synthetically  prepa 
active  bodies,  the  constitution  of  which  has  been  establish 
the  greater  number  are  already  known  in  the  two  active  me 
fications,  and  also  in  the  racemic  form  An  enumeration 
•the  substances  given  in  the  tables  shows  this  result : 

Right  rotating  only 286  ^ 

I^eft  rotating  only 237  [•  625 

Right  and  left  rotating 102  > 

Racemic  forms ••  73 

If  the  salts  and  esters  of  the  active  acids  and  bases,  wh 
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were  not  included,  be  counted  in,  the  number  of  active  bodies 
known  at  the  present  time  [1898]  will  be  over  700.  At  the 
time  of  the  appearance  of  the  first  edition  of  this  book,  1879, 
the  number  was  about  300. l 

On  the  relation  of  crystalline  form  to  direction  of  rotation  of 
bodies  of  these  groups  consult  §  12. 


III.    NATURE  OFJHE  ROTATING  POWER 

9.  Distinction  between  Crystal  Rotation  and  Liquid  Rotation — 
Rotation  of  Vapors— Molecular  Rotation.— -The  fact  that  bodies  of 
the  first  class  exhibit  rotating  power  in  the  crystalline  con- 
dition only,  and  lose  this  power  completely  when  brought  into 
solution,  shows  that  the  cause  of  the  rotation  must  depend  on 
the  crystalline  structure;  that  is,  on  a  definite  arrangement  of 
molecular  groups  (crystal  molecules).  Infusing  or  dissolving 
the  body,  this  is  destroyed,  and  the  optical  activity  disappears. 
The  phenomenon  is  here,  therefore,  a  purely  physical  one. 

Substances  of  the  second  and  third  classes,  on  the  contrary, 
rotate  in  the  liquid  condition  It  is  probably  true  of  bodies  in 
this  condition  that  the  smallest  amount  of  substance  acting  as 
a  unit,  does  not  consist  in  single  chemical  molecules,  but  in 
molecular  aggregations.  There  are  grounds  for  believing  that, 
at  least  in  concentrated  solutions  of  a  solid  body  in  a  liquid, 
the  solid  is  not  completely  separated  into  single  molecules  or 
further  into  its  ions,  but  that  molecular  groups  or  aggregations 
exist  If  then,  a  liquid  is  found  to  possess  rotating  power  it  is 
conceivable  that  the  origin  of  this,  as  in  the  case  of  ciyslals, 
should  be  found  in  a  definite  structure  of  these  molecular 
groups.  In  this  event,  the  phenomenon  would  fall  in  the  field 
of  physics. 

If  the  cause  just  suggested  is  sufficient,  it  follows  that  the 
rotating  power  of  an  active  substance  must  disappear  as  soon  as 
the  same  is  decomposed  into  single  molecules  ;  that  is,  as  .soon 
as  it  is  brought  into  the  condition  of  a  true  vapor.  This  import-  ( 
ant  experiment  was  undertaken  first  by  Biot*  in  the  year  1817. 
He  allowed  turpentine  vapor  to  pass  through  a  metallic  tube 

1  Since  the  above  was  written  nearly  100  new  active  omipovmdfl,  mainly  esteis 
and  complex  substitution  products,  have  been  added  to  the  list.  Ti.  (1900). 

2  Biot :  Hem.  de  1'Acad,,  a,  114. 
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30  meters  in  length,  and  closed  at  both  ends  with  glass  pla 
and  observed  that  it  possessed  the  power  to  produce  rotatioi 
the  polarized  ray      Exact  measurements  could  not  be  mad< 
the    vapor    suddenly    became  inflamed    and    destroyed 
apparatus.    It  was  not  until  1864  tnat  the  experiment 
repeated,  and  by  Gernez,1  who,  by  the  aid  of  excellent  ins 
ments,  determined  the  rotation  of  a  number  of  active  liqi 
with  increasing  temperature  and  finally  in  the  state  of  va] 
The  substances    tested    were    sweet  orange  oil  (H-),  bi 
orange  oil  (  +  ),  turpentine  oil  ( — ),  and  camphor  (-)-) 
all  cases  the  specific  rotation,   [«]    (that  is  the  rotation 
culated   for  unit  density  and  unit  length  of  active  lay 
decreased  with  increase  of  temperature,    and  finally  when 
vapor  was  examined  it  was  found  that  the  specific  rotation 
decreased  to   an  extent,    corresponding  to  the  increase 
temperature.     In  illustration  of  this,  the  following  num 
obtained  from  oil  of  turpentine  and  camphor  are  given 


State  of  aggregation 

Tempera 
ture 

Density 
referred    to 
water 
rf 

Observed 
angle   of 
rotation 
a 

Length  of  the 
observation 
tubes  in  deci- 
meters    / 

Turpentine  oil  (left  rotating) 

liquid  

f   11° 
98° 

U541- 
168° 

o  8712 
07996 

o  75°5rt 
o  001087 

1597° 

1447° 

'35°° 

*  76° 

o  5018 
o  50215 

0.50237 

AO  6l 

Observed  vapor  densitj  at  168°  =  4  981 
Theoretical  vapor  density.  •   •  •  =  4  700. 


Fused- 
Vapor 


Camphor  (right  rotating) 


204° 


3146° 
10.98° 


0812 

220V  0.003843  IO.9J3-  4 

Observed  vapor  density  at  220°  =  5  369. 
Theoretical  vapor  density    ....=•  5.252 
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The  density  of  the  vapor  at  the  temperature  of  the  ex 
ments,  is,  as  is  readily  seen,  very  nearly  the  same  as  the  t 
retical  density,  and  it  follows  from  this  that  single  inolec 
mainly,  and  not  molecular  aggregations,  must  have  actei 
the  polarized  ray.2  As,  moreover,  the  specific  rots 

1  Gertie?   Ann  sclent,  de  1'ljcole  norm  sup,  i,  i 

a  Ph  A  Guye  and  P.  do  Aiuaral  have  recently  observed  (Arch  sc  ph 
Geneve  [3],  33,  409, 513 ,  Wied  Beibl.  1895,  792,  894)  agieement  in  the  specific  re 


remains  undimmished,  the  optical  activity  must  be  a  property 
^V  inherent  in  the  molecule  and  must  have  its  origin  in  the  arrange- 

ment of  the  atoms  in  the  same.  The  phenomenon,  therefore, 
belongs  in  the  domain  of  chemistry. 

The  optical  activity  of  crystals  on  the  one  hand,  and  of 
liquids  on  the  other,  are,  accordingly,  two  quite  distinct 
phenomena,  and  to  indicate  that  the  latter  resides  in  the 
individual  molecule,  Biot  gave  to  it  the  name  molecular 
rotation , 

But  this  term  has  already  been  applied,  at,  mentioned  in  §  3, 
to  the  product  of  the  specific  lotation  by  the  molecular  weight ; 

M 
that  is,  the  quantity  [M]  — [<*]      To  avoid  confusion  it 

r  may  be  better  in  the  latter  ca&e  to  use  with  the  term,  molecular 

rotation,  the  symbol  [M] 

10.  The  Optical  Theory  of  Circular  Polarization  in  Quartz  was  first 
enunciated  by  Fresnel.1  This  theory  assumes  that  parallel 
to  the  principal  axis  in  quartz  a  peculiar  kind  of  double 
refraction  takes  place,  and  of  such -a  character  that  a  linearly 
polarized  entering  ray  is  decomposed  into  two  ray.s  which 
move  forward  in  helical  paths,  one  being  inclined  toward  the 
left  and  the  other  toward  the  right  On  leaving  the  crystal 
these  circularly  polarized  rays  unite  to  iorm  again  a  linearly 
polarized  ray,  but  if  they  had  moved  through  the  crystal 
J&  medium  with  unequal  velocities,  it  would  follow  that  the  new 

,  plane  of  oscillation  would  be  different  from  that  of  the  enter- 

ing ray  It  would  be  turned  in  the  clock-hand  direction,  that 
f  is,  to  the  right,  when  the  polan/ed  ray  deviated  in  the  same 
direction  moved  with  a  greater  velocity  than  the  other,  and 
vice  versa  The  existence  of  these  two  rays  in  quartz  was  first 
shown  experimentally  by  Fresnel,  and  later  by  Stefan,8  and 
also  by  Dove,11  who  found  that  they  are  absorbed  by  colored 
quartz  (amethyst)  in  unequal  proportions.  The  theory  of 

of  a  number  of  amyl  cleiiviUlves  in  the  liquid  and  vapoi  condition.    Au  exception 
noted  that  valeraldehyde  as  vapor,  rotates  only  about  half  as  much  as  it  does  aa  a 
liquid  may  be  accounted  for  by  the  chemical  change  or  lacemiyaUon  which  takes 
JL  place  by  change  of  temperature  in  this  substance. 

Jr  i  Fresuel :  Ann  chim.  phys   [ij,  a8,  147 

•  Stefan     Fogg.  Ann.,  124,  623. 
3  Dove:  1'ogg.  Ann,,  no,  384. 


circular  polarization  has  received  a  very  full  mathematics 
treatment  at  the  hands  of  many  physicists,  and  for  th 
reference  must  be  made  to  other  works.1 

In  regard  to  the  structure,  which  a  crystalline  medium  mui 
have  m  order  that  it  may  effect  a  rotation  of  the  plane  < 
polarization,  the  theory  assumes  an  uneven  condensation  < 
the  ether  around  the  molecules  of  the  body,  and  to  such  a 
extent  that  this  can  not  be  considered  as  infinitesimally  sma 
as  compared  with  the  wave  length  of  the  transmitted  ligh 
This  naturally  depends  on  a  definite  molecular  structure  of  tlr 
substance.  The  connection  of  direction  of  rotation  in  acth 
crystals  with  the  existence  of  right  or  left  hemihedral  plan< 
has  led  to  the  hypothesis,  that  in  these  crystals  the  particli 
are  arranged  with  reference  to  each  other  jn  the  form  of 
right-  or  left-handed  screw  (spiral  stair  form).  This  vie 
expressed  by  Pasteur,2  Rammelsberg,3  and  others,  has  receive 
a  great  degree  of  probability  through  an  experiment  first  trie 
by  Reusch,4  and  later  followed  up  by  Sohncke  6  If  a  numb 
of  thin  plates  of  optically  biaxial  mica  (12  to  36)  are  so  place* 
one  on  top  of  the  other,  that  the  principal  axis  of  each  01 
makes  always  the  same  angle  (45°,  60°,  90°  or  120°)  wit 
the  preceding  one,  a  column  is  produced  which,  like  an  actn 
crystal,  has  the  power  of  rotating  the  plane  of  transmitte 
polarized  light,  and  either  to  the  right  or  left  as  opposed  to  tl 
direction  of  the  twist  in  the  column  of  plates.  The  optics 
behavior  of  such  mica  combinations6  has  been  thorough! 
studied  by  Sohncke  who  found  that  by  sufficiently  diimmsliin 
the  thickness  of  the  mica  plates,  a  combination  is  securec 
the  rotating  power  of  which  follows  exactly  the  laws  that  hoi 
for  active  crystals  ,  that  is,  the  amount  of  rotation  is  pr< 
portional  to  the  length  of  the  column,  and  nearly  proportions 
inversely  to  the  square  of  the  wave  length.7  Based  on  a.  theor 
of  crystal  structure  developed  by  himself,  Sohncke  has  furthe 

1  See  Winkelmann  "Haudbuch  d  Physik,"  Breslau,  1894,  Vol  II,  part  i,  paj 
784 ,  Ketteler  "Theoretische  Optik ,"  Braunschweig,  1885  ;  Verdet1  "I<ecoiiB  d'Optiqi 
physique "  v 

-  Pasteur    Consult  §  12 

a  Rammelsberg    Ber  d.  cheni  Gea  ,  a,  31 

4  Reusch     Pogg.  Aim  ,  138, 6a8 

5  Sohncke    Ibid  ,  Supplement,  8,  16. 

0  These  columns  may  be  obtained  from  Steeg  and  Reuter  In  Homburg, 

1  I,  Sohncke    "  Theory  of  Crystal  Structure  "    lyCipzlg,  1879 


shown1  that  not  only  in  the  trapezohedral-tetartohedral  group 
of  the  hexagonal  system,  but  also  in  others  of  the  hexagonal 
and  of  the  tetragonal  and  regular  systems,  a  certain  spiral- 
stair  arrangement  of  the  crystal  particles  can  exist  which  is 
accompanied  by  rotation  of  the  plane  of  polarization  (See  §  5 ) . 
By  means  of  mica  plates  of  different  thicknesses,  arranged  one 
upon  the  other  with  the  axes  inclined  at  different  angles,  it  is 
possible  to  imitate  the  right-  and  left-handed  forms  of  such 
active  structures.  A  conception  very  similar  to  that  of 
Sohncke,  as  to  the  cause  of  crystal  rotation  has  been  developed 
by  Mallard  ;2  Wyrouboff  also  assumes  the  building  up  of 
layers  of  biaxial  plates.8 

ii.  Optical  Constitution  of  Active  Liquid  Substances. — For  a  given 
thickness  of  layer,  active  liquids  possess  the  same  rotating 
power  in  all  directions  ;  they  exhibit,  therefore,  the  same 
behavior  observed  in  active  regular  crystals  The  property 
of  circular  double  refraction  is  inherent  in  the  latter,  and  if 
the  analogy  with  active  liquids  is  complete,  the  same  property 
should  be  expected  in  these  also.  This  question  was  definitely 
decided,  after  Dove1  m  1860  had  made  some  unsuc- 
cessful experiments,  by  E.  v.  Fleischl1"' m  1884,  and 
according  to  the  method  of  Fresnel,  who  determined 
the  double  refraction  of  quartz  in  the  direction  of  its 
principal  axis  by  the  aid  of  a  combination  of  right- 
aud  left-rotating  quartz  prisms  "  The  apparatus 
used  by  v.  Fleiachl  consisted  of  a  glass  trough  in  the 
shape  of  a  parallelopipedon,  543  mm  long,  and  20 
mm.  wide,  open  above,  and  divided  by  means  of 
glass  plates  set  diagonally  into  20  hollow  prisms, 
with  refractive  angles  of  120°,  and  two  end  prisms 
with  angles  of  60°.  Fig.  3  gives  a  shortened  illus- 
tration of  the  arrangement.  The  22  compartments 
were  filled  alternately  with  right-  and  left-rotating  plff  z 

i  Ztschr.  ftlr  Krystfilfog ,  19,  529 ;  13.  214 ;  »4»  426 
a  Traitd  de  Ciistallofi;,  a,  313  (1884). 

«  Wyrouboff  •  Ann.  china,  phys    [6],  8,  340;  J°m    cle   Physik  [2],  5,  258  (1886) ; 
Bull  Soc.  Mm.,  13,  215  (1890). 
*>  Dove  •  Fogg.  Ann.,  MO,  290. 

»  E  v.  Fleischl    Wiener Sitzungstier.,  90,  II,  478  (1884),  also  Wiefl  Ann.,  »4,  »?• 
8  See  the  text-books  of  physics. 


substances,  which ,  by  proper  dilution  had  been  brought  to  possess 
exactly  the  same  refractive  indices.  In  a  first  series  of  experi- 
ments, solutions  of  saccharose  and  levulose  were  used,  and  in  a 
second  series,  right  orange-peel  oil  and  left  turpentine  oil. 
When  now  a  ray  of  light  from  a  very  fine  opening  (pin-hole) 
was  passed  through  this  system  of  prisms  and  examined  by  a 
reading  telescope,  two  bright  spots  instead  of  one,  were  seen 
at  the  other  end.  If  now  the  decomposition  of  the  original 
light  (ordinary  or  plane  polarized)  had  followed  as  in  the 
Fresnel  experiment,  the  two  emerging  rays  must  be  found 
circularly  polarized,  and  in  opposite  directions.  It  was,  in 
fact,  shown  by  a  well  known  method,  employing  a  quarter  wave 
length  mica  plate  and  rotating  nicol,  that  the  two  rays  had 
been  transformed  into  two  linear  polarized  rays  with  planes  a1 
right  angles  to  each  other.  In  two  positions  of  the  nicol,  90° 
apart,  first  one  and  then  the  other  of  the  bright  spots  dis 
appeared. 

It  is  therefore  apparent,  through  these  experiments,  that  the 
optical  cause  of  activity,  that  is  to  say,  the  manner  of  tli€ 
wave  motion  of  the  ether,  must  be  the  same  for  liquids  as  foi 
isotropic  crystals.  In  all  directions  in  both  media,  two  wave* 
are  propagated,  which  are  circularly  polarized  in  opposite 
directions,  and  which  move  forward  with  unequal  velocities 
It  has  been  mentioned  that  in  such  crystals  this  peculiarity  !*• 
found,  that  they  possess  neither  a  plane  of  symmetry  nor  a 
center  of  symmetry,  and  further  that  they  are  found  in  enan- 
tiomorphic  forms  of  which  the  one  turns  the  plane  of  polari- 
zation to  the  right,  and  the  other  to  the  left.  The  same  is  to 
be  assumed  concerning  active  liquids,  and  as  here  the  seat  of 
the  activity  is  found  in  the  single  molecules,  it  follows  finally 
that  an  asymmetric  structure  must  be  assigned  to  the  latter 
themselves. 

This  conception  had  been  already  reached  in  another  way, 
and  through  the  investigations  of  Pasteur  carried  out  in  1848, 
which  led  to  the  following  conclusions  : 

12.  Investigations  of  Pasteur.  Molecular  Asymmetry. — As  Biot 
and  Seebeck1  recognized  in  1815,  common  tarlaric  acid  rotates 

1  Biot  and  Seebeck    Bull  Soc  Philoni.,  1815,  190 
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to  the  right,  and  in  1842  it  was  further  observed  by  Mitscher- 
lich1  that  racemic  acid,  isomeric  with  tartaric,  is  inactive.  Pas- 
teur'2 found  next,  that  from  a  solution  of  racemic  acid,  rhom- 
bic-hemihedral  crystals  of  a  double  salt  having  the  composition, 
NH^NaC^HiO^HgO,  similar  to  the  tartrate,  could  be  obtained 
by  slow  concentration  at  a  low  temperature.  But  these 
crystals  are  not  all  identical  in  crystalline  form,  for  two 
different  structures  may  be  easily  recognized.  Often  the 
crystals  appear  developed  as  illustrated  in  Figs.  4  and  5,  and 
in  this  case  the  differences  may  be  easily  recognized  even  by 
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one  not  specially  trained  in  crystallography  n  If  the  crystals 
are  so  placed  that  the  two  narrow  surfaces,  q  and  q2,  are 
turned  toward  the  observer,  it  will  be  seen  on  some  individuals 
that  the  small  surface,  o1,  is  to  the  right  of  qand  q2  (Fig.  4), 
and  on  others,  it  will  appear  that  this  surface  is  to  the  left  of 
q  and  q2  (Fig.  5).  There  is  exhibited  here  as  in  the  case  of 
quartz,  the  phenomenon  of  enantiomorphism,  or  "11011- 
superposable  heinihedry,"  as  it  was  called  by  Pasteur  ;  one 
crystal  figure  is  the  mirror  image  of  the.  other,  and  cannot  be 
covered  by  it. 
When  Pasteur'  had  separated  these  two  kinds  of  crystals 

i  Mitscherlich    Monntsber.  (lei,  Beil  Akatl.,  1849. 

a  Pastern  •  Ann.  chlm  phys.  [3],  34,  443;  Coiupt.  rend,  atf,  535;  aj,  367,  401, 
(1848)  ;  ap,  297  (1849)  ;  Ann  chim.  phys.  [3]  38,  56  (1850)  ,  Compt  rend.  31,  480  (1850)  ; 
33,  217,  S49  (iSs1)  i  Ann  chim.  pliyfl.  [3],  31,  67  (1851). 

•'  Crystals  with  the  same  mirface.s  may  appear  also  in  forms,  other  than  those 
shown  ,  in  such  a  case,  measurements  of  angles  are  necessary  to  distinguish  one  kind 
from  the  other 

*  An  explanation  of  the  manner  in  which  he  was  led  to  his  discovery  is  given  by 
Pasteur  in  his  "  Recherches  sur  la  dissyme'trie  molfculaire  des  produils  organiques 
naturels,"  Soc,  chim.  de  Paris.  1,690118  de  chimie  professe'es  in  1860.  Paris  1861.  See 
Alembic  Club  Reprint,  No,  14. 
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mechanically,  he  found  that  those  with  the  surface,  o1,  to  tl 
right  of  q  and  q2,  when  dissolved  in  water  and  examined  in  tl 
polariscope,  exhibited  a  right-hand  rotation,  while  those  wi1 
o1  to  the  left  showed  a  left-hand  rotation.  From  the  tv 
crystallographically  different  sodium-ammonium  salts  1 
obtained,  on  the  one  hand,  dextro-,  and  on  the  other,  lev 
tartaric  acid,  and  by  mixing  equal  parts  of  these  in  aqueoi 
solution  he  obtained  an  inactive  liquid  which,  on  evaporatio 
furnished  crystals  of  racemic  acid.  Analogous  relations  we 
later  found  among  many  other  active  carbon  compounds. 

In  this  way,  it  was  for  the  first  time  shown  that  an  acti 

substance  may  exist  in  two  forms,   right  rotating  and  le 

rotating,  the  rotating  power  being  under  like  conditions  t 

same.     From  the  observations,  it  was  further  apparent  th 

the  opposite  asymmetric  characteristics  which  the  two  kinds 

crystals  of  sodium-ammonium  tartrate  possess  belong  to  th< 

molecules  also,  inasmuch  as  after  solution  in  water  they  she 

'  right  and  left  rotation.     This  led  Pasteur  to  the  view  th 

the  invidual  molecules,  as  all  other  material  objects,  in  respe 

to  their  forms  and  repetition  of  identical  parts,  fall  natural 

into  two  classes  .  i    Those  which  are  superposable  on  th< 

mirror  images  (as  a  straight-stair,  a  cube)  ;  2    Those,  who 

mirror  images  can  not  be  covered  by  the  originals  and  whi< 

may   appear  in  two  oppositely  constructed   (enantiomorphi 

forms  (spiral-stair,  irregular  tetrahedron,  right  and  left  sere 

right  and  left  hand).     Molecules  of  the  first  class  possess 

symmetrical    structure;     in     the     second     the     atoms    a 

asymmetrically     ordered,     and    these   should    show  optic 

activity.     Ip  relation>  to  racenuc  acid,   and  the  two  tartai 

acids  Pasteur1  remarked.  "Are  the  atoms  of  the  right  ac 

grouped  in  the  form  of  a  dextrogyrate  helix,  or  do  they  stai 

at  the  corners  of  an  irregular  tetrahedron,  or  are  they  found  £ 

ranged  in  some  other  asymmetric  form  ?  We  are  not  able  to  a 

swer  these  questions.  But  of  this  there  can  be  no  doubt.  That  i 

asymmetric  arrangement  of  the  atoms  must  exist  in  such 

manner  as  would  furnish  a  non-superposable  image     It  is  jn 

as  certain  that  the  atoms  of  the  left  acid  are  arranged  in 

manner  exactly  the  reverse  of  those  in  the  right,  and  final 

»  "Recherchessitrladissymanemoleculaire,"  Alembic  Club  Reprint,  p  24, 
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we  know  that  racemic  acid  results  from  the  combination  of 
these  two  inversely  asymmetric  atomic  groups  ' ' 

Through  these  considerations,  Pasteur  introduced  a  new 
conception,  that  of  molecular  asymmetry,  into  the  science. 
Before,  however,  this  could  bear  fruit,  a  much  wider  develop- 
ment of  organic  chemistry  was  necessary,  and  only  after  the 
constitutional  formulas  of  a  large  number  of  carbon  compounds 
had  been  determined,  was  it  found  possible  to  trace  a  con- 
nection between  the  atomic  structure  of  molecules  and  their 
optical  activity.1 

IV.  RELATIONS  BETWEEN  ROTATING  POWER  AND  CHEMICAL 
CONSTITUTION  OF  CARBON  COMPOUNDS 

13.  Van't  Hoff-LeBel  Theory.— One  of  the  most  important 
advances  in  our  knowledge  of  optical  rotation  was  made  m 
1874,  when  J.  H.  van't  HofiV  then  in  Utrecht,  and  a  few  weeks 
later  J  A  I,eBel,H  in  Pans,  furnished  the  proof  that  optical 
activity  has  a  definite  connection  with  the  structure  of  carbon 
compounds  The  fundamental  conception  founded  on  this 
notion,  to  which  van't  Hoff  was  led  through  the  assumption 
of  a  tetrahcdral  arrangement  of  the  citouib,  Ive  Bel,  on  the 

1  An  essentially  different  hypothesis  to  account  foi  the  activity  of  liquids  n«  well 
ab  crystals,  which  is  based  on  the  ansumption  ol  the  rolalmn  of  the  molecules,  has  been 
proposed  by  Pock  (Bei   tl    chcm    Ocs ,  34,  101)     WyioubolT  (Ann    chtm    phys  [7], 
i,  5  ,  chem  Control ,  I,  260  (iSi|«0)  has  sought  to  show  that  the i otntion  ol  ciystallme 
organic  substances  in  solution  beius  i  elation  to  the  ciyslullme  st incline,  and  is  not 
merely  dependent  on  the  nature  of  the  chemical  molecule 

2  Kmt  published  in  the  ptipei    Voorstel  lot  nlthreiding  dei  legeuwooidig  in  de 
facheikunde  gebuukle  stuictm-foi  mules  in  de  inhnte  ,  benevens  en  dnnimeC  Mimen- 
hangende  opmerkingnmtieiit  het  veiband  luMschen  optiHch   acttef    \erniofren    en 
cheuusche  constitute  vauorgamseheverbimHiigen,  Utieeht,  187.1   At  the  end  the  ptiper 
is  signed  Seplembei  <>,   iN74,    J    H    van't  HolT      An    abstiacl    fiom  this    nitlcle 
appeared  m  1X75  HI  Hull  feoc.  Chun  |a],  33,  29",     Then  followed  •  i   I,a  cliimie  diuiH 
I'espace,  pai  J.  H.  vnn'l  lloff,  Rotterdam,  1875;    a.  Die  Iyugeiung  der  Atome  im 
Raum,  a  lieimau  tranMatum  of  the  last  by  »i   K    llernuinii,  Hiaunschweig  1877,  3. 
Uixannees  dans  Tliistoire  d'une  theoiie,  pai  J  H   van't  Hoff,  Rotterdam  1887,  4. 
Stereochimte,  by  W  Meyerhofer,  a  (Jennan  edition,  essentially  of  the  Dix  nmieeH, 
etc  ,  I^eipKig;  and  Vienna,  1892  ,  5   Die  IvageiuiiK  dei  Atome  im  Kaum,  von  J.  II.  van  't 
Hoff,  and.  ed.,  Biaunschweig,  1894. 

B  I,e  Bel  •  Hirst  paper  •  Sur  ICH  relations  (jui  existent  eiilre  le.s  formuleH  atoralques 
des  corps  organiques  et  le  pouvoii  rotatoire  de  leurs  disaolutiona,  Bull.  Soc.  Chim., 
[2]  33,  337,  November  number,  1874.  Then  following  papers:  Hull.  Sac.  Chim.  [a], 
»3,  33«  (1875)  ,  35,  546  (1876)  ;  37,  444  (1877)  \  33,  ipfi  (1880)  ;  37,  300  (1883)  ;  [3],  7,  1164 ; 
8,  613  (1892) ,  Compt.  rend ,  89,  313  (1879) ;  pa,  843  (iHEii) ;  no,  144  (1890) ;  ua,  734 
(1891) ;  114,  304,  417 
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contrary,  through  Pasteur's  idea  of  molecular  dissymmeti 
found  gradually  decided  confirmation  through  experimei 
and,  as  is  well  known,  the  later  developments  of  the  theoi 
especially  the  views  advanced  by  van 't  Hoff  on  the  arrang 
ment  of  the  atoms  in  space,  have  created  a  new  epoch  in  t 
science,  that  of  stereochemistry. 

In  this  book  we  are  concerned  only  with  those  portions 
the  van't  Hoff-IyeBel  theory  which  are  directly  connect 
with  optical  activity,  and  these  will  be  but  briefly  discussed 
they  are  found  explained  in  all  text-books  of  stereochemist 
and  organic  chemistry. 

The  fundamental  points  in  the  theory  are  as  follows  : 

i.  Consider,  in  a  compound  of  the  type,  CR4,  the  carb 
atom  situated  in  the  center,  and  the  four  elements  or  grou 
joined  to  it  situated  at  the  corners  of  a  tetrahedron,  then 
case  the  four  groups  are  all  different,  the  resulting  so 
formula  CCR^RgRJ  will  possess  no  plane  of  symmetry,  a 
must  exist  in  two  non-superposable  forms  of  which  one  is  t 
mirror  image  of  the  other  According  to  this  view,  everybo 
whose  structural  formula  possesses  a  so-called  asymmet 
carbon  atom,  that  is,  one  which  is  combined  with  four  diff 
ent  atoms  or  groups,  must  be  optically  active  and  app< 
in  a  right-  and  left- rotating  form  of  equal  rotating  pow> 
Experience  has  shown  further  that  equal  weights  of  t 
two  modifications  can  unite  to  form  an  inactive  compound 
mixture  (racemic  body)  which  by  various  means  can  be  sj 
up  into  the  active  components 

Asymmetric  carbon  atoms  (*C)  can  appear  in  all  din 
methane  derivatives,  and  chain  structure  molecules ;  in  benze 
derivatives  they  can  exist  only  in  the  side  chains,  but 
hydrated  cyclic  compounds  also  in  the  nucleus.  Examp 
are  found  in  the  list  of  active  substances  given  in  §  8  ;  a  f 
other  cases  may  be  referred  to  here,  from  which  it  will  be  se 
that  of  the  four  radicals,  two  may  be  combined  between  the 
selves  (propylene  oxide),  or  one  of  the  same  with  t 
different  asymmetric  carbon  atoms  (pheuoxacrylic  acid 
further,  that  the  asymmetry  of  a  carbon  atom  may  depend 
remotely  situated  groups,  and  not  necessarily  on  those  nni 
diately  connected  (limonene,  menthene)  • 
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I4monene. 
Propylene  oxide  CHa^    -J.CH.,  Menthene. 


OTT  /"»  *~  TT  f^TT 

*\*C/  \  I  Hv^CH8 

/  C\J  *CH  *C 

H.C^- 

Phenoxacrylic  acid 

C~*C 

Y 


C0HfiV  /C02H  HC        CH,  H,C        CH 

H>C<N  Y  Y 


I  I 

CH,  C 


H 


2.  In  substances  which  contain  two  asymmetric  carbon 
atoms  and  whose  molecules,  like  that  of  tartaric  acid, 
CO.H—  *CHOH—  *CHOH—  CO,H,  are  built  up  of  two  similar 
halves,  there  must  be,  according  as  these  halves  show  the  same 
or  opposite  rotations,  besides  the  right-  and  left-rotating  forms, 
a  third  inactive  form  depending  on  this  intramolecular  com- 
pensation, and  which  cannot  be  resolved  into  active  com- 
ponents. Such  an  inactive  form  is  not  possible  when  the  half 
molecules  are  dissimilarly  constructed,  but  m  this  case,  four 
active  isomers  may  be  expected,  each  two  possessing  equally 
strong,  but  oppositely  directed  rotations.  If  a  compound  con- 
tains several  asymmetric  carbon  atoms,  by  addition  or  sub- 
traction of  the  effects  of  the  single  groups,  a  large  number  of 
unequally  strong  active  modifications  may  result,  two  of  which 
again  in  each  case  belong  together  as  antipodes,  and  finally 
the  existence  of  some  definite  number  of  inactive  compensation 
forms  may  also  be  expected 

In  all  such  cases,  consideration  will  show  how  many  of 
these  optical  isomers  must  exist  when  the  structural  formula 
of  the  substance  is  known.  The  method  of  making  such  a 
computation  will  be  shown  in  the  nes;t  chapter  on  Optical 
Modifications. 

With  the  ethylerie  derivatives  having  four  different  radicals, 
R,R!!C=CR(,Rt,  the  four  groups  must  lie  in  one  plane  if  we 
consider  the  carbon  atoms  united  by  an  edge  of  the  tetra- 
hedrons containing  them,  and  no  asymmetry  is  possible.  In 
fact,  all  ethylene  derivatives  have  been  found  to  be  inactive,1 

1  ke  Bel  (Bull.  Soc  Chhn.  [3],  8,  6:3)  hnd  considered  optical  activity  possible  in 
unsatuiated  compounds,  and  Perkin  (Jour.  Cheiu.  Soc.,  53,  695)  believed  he  found 
this  in  chlorfumaric  and  chlonnaleic  acids,  COjH--  CCl^CH—COaH.  Wfilden,  how- 
ever, showed  the  error  in  these  observations  (Ber,  d.  chem.  Ges,,  a6,  axo). 

4 


50         ROTATING  POWER  AND  CJUUJVUXAJL, 

even  when  made  from  active  compounds,    as  for  exam 
fumanc  and  maleic  acids   from  malic    acid,   bromcinun 
acid,        C6H6—  CBr=CHCOaH,       from       the      dibroni 
C6H5—  CHBr—  CHBr.C02H,  and  others     Likewise,  nous 
metry  is  possible  when  in  bodies  of  the  type,  R1R2C=CI 
an  even  number  of  doubly  linked  carbon  atoms  is  introdtu 
But,  on  the  other  hand,  as  van  't  Hoff  remarked,1  asymmt 
and  optical  activity  appear  if  the  number   of  added  car 
atoms  is  uneven,  inasmuch  as  the  four  radicals  then  st 
crossed,  as  is  the  case  in  the   tetrahedron.      The  aim]' 
bodies  of  this  kind  would  be  the  propadiene  (allene)  dor 
tives  ;  observations  on  such  substances  are  wanting  as  yet. 
As  van  't  Hoff  pointed  out,8  cyclic  compounds  present 
tain  definite  conditions  of  asymmetry,    and  to  begin  with, 
have  the  derivatives  of  tri-  and  tetramethylene,  but  ac 
bodies  belonging  here  are  not  yet  known.     But  many  M 
appear  in  the  six  member  rings,  that  is  in  the  di-,   tn- 
hexa-hydrated  benzene  derivatives.     Among  the  la.st  inosi, 

/CH  OH-CH.OHv 

CH  OH<(  \CH  OH, 

\CH.OH-CH  OH/ 

offers  an   example  m  which  the   existence    of  asymine 
carbon  is  not  apparent  from  the  formula,    and  in  which 
asymmetry  and  the  mirror  image  form  appear  onl>  when 
position  of  the  H  and  OH  above  and  below  the  plant-  ot 
carbon  ring,  that  is  to  say,  the  as  and  tram  isomcrisni,  is  laJ 
into  consideration;  anything  further  concerning  u,ls  iK.]01 
in  the  field  of  stereochemistry.     Benzene  derivatives  which 
not  hydrides  can  hold  asymmetric  carbon  atoms  in  the  s 
chains. 

Confirmation  of  the  van't  Hoff-I^Bcl  theory  has  o, 
gradually,  and  in  many  different  ways.  It  has  bwn  foti 
that  without  exception,  activity  is  connected  with  tht«  pi 
ence  of  asymmetric  carbon,  and  that  in  bodies  in  which  IhY 
lacking,  rotating  power  is  not  found.  For  a  numbei  of  bod 
of  the  last  class,  such  as  N-propyl  alcohol,  styrol,  fi.}>M\ 
and^others,  m  which  activity  was  claimed,  it  was  found  U 


SeeBouveault    Bui!  Soc.  Clum.  [3],  „, 
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this  assertion  was  an  error.  Through  direct  experiments,  the 
appearance  or  disappearance  of  optical  activity  by  formation 
or  destruction  of  asymmetric  carbon  atoms  was  further  shown. 
Le  Bel  first  proved  this  by  the  conversion  of  active  amyl 
v  iodide,  CHs.HC*.CaH6.CHJI,  into  inactive  niethyldiethyl 
methane,  CHS.  C.  H  .  CaH5.  C2H8.  '  Then  Just2  obtained  from  the 
same  amyl  iodide,  by  action  of  zinc  and  hydrochloric  acid 
inactive  dimethylethyl  methane,  (CHJjj.C^Hg.C.H,  but  by 
action  of  ethyl  iodide  and  sodium  he  obtained  active  methyl- 
ethylpropyl  methane,  CHjpCjHj.CjH,  *C.H  ;  also,  by  heating 
with  sodium,  active  dianiyl, 

C,H8.CH8  H.*C  —  CH,—  CHr--*C.H.CH,.C1He 
Further,  it  was  shown  that  for  the  existence  of  optical  activity 
the  nature  of  the  four  radicals  combined  with  the  asymmetric 
carbon  atom  is  a  matter  of  no  consequence.  It  was  formerly 
observed  that  the  introduction  of  a  halogen  led  often  to  a  dis- 
appearance of  activity  ;  thus  from  left-rotating  malic  acid, 
inactive  bromsuccimc  acid  (Kekul6),8  from  left- 
rotating  mandelic  acid,  inactive  phenylbromacetic  acid, 
C8HB  ^HBr.COJi  (EasleifieldJ.'aud  fromrf-  and  /-isopropyl- 
phenylglycolic  acid,  inactive  isopropylphenylchloracetic  acid, 
(CtfH4  C!,H7)(H)}lC(Cl)(C02H))(Fileti)/>were  obtained  As 
was  later  found,  the  cause  of  the  inactivity  of  these  products 
lay  in  the  fact  that  raccmic  forms  were  produced  by  reason  of 
the  high  reaction  temperature.  By  keeping  this  as  low  as 
possible,  these  halogen  bodies  were  obtained  in  rotating  con- 
dition. This  was  shown  particularly  by  Walden,  who  prepared 
an  active  chlor&uccinic  acid  from  malic  acid  by  action  of  phos- 
phorus peutachloridc  with  addition  of  chloioform,  and  later 
from  sarcolactic  acid,  ethyl  tartrate,  and  mandelic  acid,  a  large 
number  of  chlorine  and  bromine  derivatives,  such  as  methyl 
chlorpropionate,  ethyl  brommalate,  phenylchloracetic  acid, 
and  others  which  all  possessed  optical  activity.8  Finally,  the 

i  I,e  Bel    Bull.  Soc  Chim  [a],  35,  546  (1876). 

a  Just  :  Ann.  Chem  (Weblff),  aao,  146  (1883). 

•'  Kekulfi  •  Ann.  Chem.  (lyiebig),  130,  as  (1864). 

*  IJasteriield    Jonr  Chem.  Soc.,  59,  75  (1891). 

8  Pileti;  Gazz  Clvim.,  aa,  II,  405;   J.  prakt  Chem.  [a],  46,  563 

<  Walden  :  Ber  d.  chem.  Gcs,,  36,  314  (1893).  See  further  X,e  Bel  .  Bull.  Soc. 
Chtm.,  p,  674  (1893)  and  Ber.  d.  chem  GCH,,  a8,  1933  (1895)  ;  also  Walden  ;  Ber.  d. 
chem.  Ges  ,  a8,  3766. 
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fact  was  fully  explained  why  many  bodies  exist  which  conl 
asymmetric  carbon  atoms,  but  are  nevertheless  inactive, 
some  cases  it  was  shown  that  they  are  racemic  forms,  inasm 
as  they  are  resolvable  into  active  compounds  ;  in  other  cai 
as  mesotartanc  acid,  dulcitol,  and  mucic  acid,  they  contain 
similarly  constituted  halves,  and  the  inactivity  follows  fi 
the  opposite  rotating  power  of  these.  In  a  third  groiif 
asymmetric  substances  it  was  found  that  they  possess  a  v 
weak  rotating  power,  and  in  order  to  recognize  this,  eitlu 
very  long  column  must  be  taken,  or,  as  in  the  case  of  mauni 
some  indifferent  substance  (boric  acid)  must  be  added 
increase  it  It  appears  therefore,  that  in  all  cases  the  vi< 
of  van  't  Hoff  and  I/e  Bel  are  found  to  agree  with  experiei 
and  that  when  apparently  a  contradiction  was  found  ( limonen 
later  investigations  removed  this  The  doctrine  of  as: 
metric  carbon  atoms  may  be  looked  upon  as  one  of  the  1 
established  of  chemical  theories 

^14.  Asymmetric  Nitrogen  and  Sulphur.— Compounds  of  ti 
nitrogen  with  radicals  different  from  each  other  appear  alw 
to  be  inactive  ,  attempts  to  split  up  the  tartanc  acid  salt 
ethylbenzylamme  (Kraft),2  benzyl  liydroxylainme  (Behn 
and  Komg),8  methyl  aniline,  tetrahydroquinohne,  and  tei 
hydropyndme  (Ladenburg)/  have  led  to  no  result. 

On  the  other  hand,  an  active  compound  of  pentaval 
nitrogen ,  isobutylpropylmethylethylammomum  chloride 
been  obtained  The  inactive  .salt  directly  obtained  A 
split  up  by  Le  Bel6  by  aid  of  the  fungus  culture  method,  t 
a  left-rotating  chloride  ([«]/>—— 7°  to  8°)  was  obtain 
which  was  further  converted  into  active  chlorplatinate,  chl 
mercurate,  and  acetate  The  chloraurate,  rotating  very  fee 
to  the  left,  became  dextrorotatory  after  addition  of  hycl 
chloric  acid.  The  sulphate  was  found  to  be  inactive. 

More  recently    another   active    compound  of  pentaval 
nitrogen  has  been  produced.     Wedekind0  attempted  to  rest) 

i  von  Baeyer    Ber.  <J  chein.  Gei ,  37, 436,  Ticmann  and  Semmk'i  .  Ibni.t  *8, 

a  Kraft .  Ber  d.  chem.  Ges  ,  33,  2780  (1890). 

«  Behrend  and  KSnipr :  Ann.  Chem   (lylebig),  363,  184  (1891). 

4  I^adenburg    Ber  d  clieiu.  Ges.,  96,  864  (1893) 

"lyeBel    Compt  rend.,  ua,  734  (1891). 

«  Wedekind  i  Ber.  d.  chem.  Ges  ,  33,  517. 
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o'-benzylphenylallylniethylammonium  hydroxide  by  com- 
bination with  tartanc  and  camphoric  acids,  biit  without 
success.  Pope  and  Peachey,  however,  by  using  the  much 
stronger  dextrocamphor  sulphonic  acid,  which  they  have 
applied  in  several  other  cases,  succeeded  in  effecting  a  perfect 
resolution.1 

They  mixed  the  iodide  of  of-benzylphenylallylmethyl- 
animomum  with  the  silver  salt  of  dextrocamphor  sulphonic 
acid  in  molecular  proportion,  and  boiled  in  a  mixture  of 
acetone  and  ethyl  acetate.  After  separating  silver  iodide  by 
filtration,  the  liquid  left  deposited,  on  cooling,  a  crystalline 
mass  of  the  dextro-  and  levo-benzylphenylallylmethyl- 
ammonium  dextrocamphor  sulphonates  This  was  crystallized 
from  acetone,  the  less  soluble  dextro  constituent  being 
readily  obtained  in  colorless  plates  melting  at  170°,  and  giving 
[a]n  =  +  44  4°  For  the  /-salt  separated  from  the  mother- 
liquors  in  less  pure  form,  the  rotation  [or],,  --  —  18.6°  was 
found.  By  double  decomposition  of  the  camphor  sulphonates, 

C6Hf>  CHS.N(C6HB) (C8HI)(CH,).SOI.C10H1I0, 
the   authors  obtained   the   d-  and  /-iodides  and    bromides, 
C0H5  CH,  N(C8H6)(C,Hf))(CH!1)II  or  Br 

In  recent  years  many  attempts  have  been  made  to  resolve 
asymmetric  racemic  sulphur  compounds,  but  for  a  time  with- 
out success  See  for  example  the  work  of  Asclian.-8 

Very  lately,  however,  and  just  as  this  translation  is  going  to 
the  press,  Pope  and  Peachey8  have  applied  their  camphor 
sulphonic  acid  process  to  the  resolution  of  methylethyl- 
thetme  and  have  succeeded  in  separating  an  active  body  with 
the  sulphur  as  the  asymmetric  element.  The  authors  conclude 
from  their  work  that  a.  large  number  of  other  elements  may  be 
found  to  behave  as  asymmetric  centers  of  optical  activity 
Some  details  of  their  process  will  be  given  in  a  following 
chapter. 

Ammonium  derivatives  containing  two  similar  radicals  as 
the  chlorides  of  dimethylethylpropyl-,  methylethyldipropyl-, 
ethyldipropylisobutyl-,  and  ethylpropyldiisobutylammonium 

1  Pope  and  Peachey    J.  Chem.  Soc.,  75,  1197. 

a  Aschan  :  Ber.  d.  chem.  Cos.,  33,  988. 

"  Pope  and  Peachey  .  J  Chem.  Soc.,  77,  1073. 
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cannot  be  converted,  as  I,e  Bel1  found,  into  active  fon: 
the  action  of  fungi 

Further  consideration  of  the  subject  of  asymmetric  niti 
belongs  in  the  field  of  stereochemistry. 

V.    OPTICAL  MODIFICATIONS 

15.  The  fact  that  a  body  can  exist  in  a  right  rotating,  i 
rotating,  and  an  inactive  form  was  first  reeognim 
mentioned,  by  Pasteur  in  1848,  in  the  case  of  tartarie* 
The  number  of  bodies  acting  similarly  was  inci  eased 
slowly,  and  in  1879,  at  the  time  of  the  publication  of  tin- 
edition  of  this  book,  only  three  other  examples  could  be  g 
vis.t  malic  acid,  camphor,  and  camphoric  acicl. 

Already  in  1875,  van  JtHoff,  in  his  "  Chnnie  dansl'espj 
had  developed  the  general  formulas  by  which  the  numb 
possible  stereoisomers  and  hence,  also,  optical  isomeis 
•*   body  could  be  calculated  from  the  number  of  nsymm 
carbon  atoms  in  its  molecule.     For  a  long  time  the  ob.servu 
available,  from  which  these  formulas  could   be  tested, 
entirely  too  scanty,  and  only  in  the  last  few   years,  the  > 
investigations  of  B    Fischer,   on  the  members  of  ilk'  s 
group,  have  furnished  material    which    denionsti  uted   . 
pletely  the  correctness  of  the  theoretical  pit-dictions.     ( )1 
vationswere  multiplied  also,  in  other  classes  oi   eompo, 
and  as  the  table  of  active  substances  given  in  S  H  shows   t 
are  now  over  100  such  bodies  known  in   different   op 
modifications. 

However,  there  is  still  a  very  large  number  of  active-  b<>< 
over  300  in  fact,  which  are  known  only  in  one  fen  in  , 
right,  some  left  rotating.  This  is  true  of  whole  groin 
bodies  as  the  polysaccharides,  natural  glucosides,  st 

S^f  6!J,  u°idS)  blttei"  PrmciPle«>  Me  acidH,  and  prott 
TOfcmt  doubt,  most  of  these  contain  several  asvmm, 
carbon  atoms,  and  must  exist  in  different  forms  with  (Me 
rotating  powers  as  well  as  in  inactive  modifications. 

1  Le  Bel    Compt  rend  ,  na,  724  (1891). 
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A.    Calculation  of  the  Number  of  Optical  Modifications  of  a  Compound 
»  from  the  Number  of  Asymmetric  Carbon  Atoms  Contained  in  It. 

16.  If  we  divide  the  compounds  consisting  of  a  chain  of 
singly  linked  carbon  atoms  into  the  three  classes  given  below, 
the  number  of  possible  stereoisomers  or  optically  active  and 
inactive  forms  is  shown  m  the  following  expressions  in  which  . 

n  =  the    number    of    asymmetric    carbon    atoms    in  the 

compound. 
.Af-=the  whole  number    of  possible    isomers,    which  are 

divided  into 

i  =  inactive,  non-separable  modifications,  and 
a  =  active  forms,  which  occur  in  pairs-  as  optical  antipodes 
^  with  equally  strong  opposite  rotations      These  lead  to 

r  =  —  inactive  separable  racemic  modifications 

2 

First  class  .  n  even  or  odd  Structural  formula  not  in  two 
equal  halves 

If  .&/?!  represent  the  terminal  radicals,  and  a,  b,  the  radicals 
combined  to  the  middle  carbon  atoms,  the  general  type  is 


For  example 
Malic  acids  ...................  CO2H—  *CH.OH—  CH2—  CO2H 

Phenyl-ar-chlorlactic  adds  ......  C6H5—  *CH  OH—  *CHC1—  CO2H 

Pentoses    .............   CH2OH—  *CH.OH—  *CH  OH—  *CH  OH—  CHO 

Hexomc  acids  ..................  CH2OH-(*CH  OH  )4-CO2H 

Bodies  belong  here  m  the  chain  of  which  there  is  at  some 
point,  a  carbon  atom  which  is  not  asymmetnc  (CH2,  CO2,  CO) 

For  example 

Buty  1  chloral  aldol 

CH8—  *CHC1—  CC12—  *CH.OH—  *CH(CHO)—  *CH  OH-CH3 

In  all  such  cases  we  have 

(I)1  N  _  2»        a  =  2          i==  o. 

i  The  expressions  (I)  and  (II)  were  first  proposed  by  van  't  Hoff  ("  I,a  chimie  dans 
e,"  1875,  p  9  and  12}  and  the  second  one  is  also  found  in  this  form 


2"  —  2' 

or  2 


*-'   (2* 


2 

Attention  was  first  called  to  formula  (III)  by  E  Fischer  (Ann  Chem 
370,  67  (1891))  These  formulas  are  denved  from  the  theorems  on  permutation  and 
combinations,  attention  being  paid  to  the  conditions  obtaining  for  various  reversed 
and  reflected  image  forms 
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Therefore : 


l 

«  = 

i 

2 

3 

4 

5 

6 

N  =  a  = 

2 

4 

8 

16 

32 

64 

r  = 

I 

2 

4 

8 

16 

32 

Second  class  .  n  even.      Structural  formula  in  two  equal 
halves.     The  type  is 

X—  (*Ca  *)„„„.—.£    ' 
For  example  • 

Tartaric  acid CO2H-*CH  OH— *CH.  OH— C02H 

Sym  ditnethylsuccimc  acid CO2H— *CH(CHS)— *CH(CH8)— C02H 

Hydrobenzom C6H5— *CH  OH— *CH  OH— C6H5 

Hexitols CH.OH— (*CH  OH)4— CH2  OH 

Tetraoxydicarboxyhc  acid CO2H— (*CH  OH)^— CO2H 

Bodies  are  found  here  with  symmetrically  halved  structural 
formulas  which  contain  in    the  middle,  an  even  number  of 
non-asymmetric  carbon  atoms      For  example 
Dinieth>  ladipic  acids,  CO2H-*CH(  CHS)-CH2-CH,-*CH(CHS)-C02H 
Diallylbromides,  CH2Br— *CHBr— CHa— CHj— *CHBr— CH2Br 

We  have  in  the  second  class  : 


(II)                           W=2n-l+2^~l 

H~i 

a  =  2n-1       i=2* 

Therefore,  when 

n  = 

2 

4 

6 

8 

N  = 

3  J 

10 

36 

136 

a  = 

2 

8 

32 

128 

i  = 

I 

2 

4 

8 

r  = 

I 

4 

16 

64 

.  n  uneven.     Structural  formula  equally  halved, 
after  excluding  the  middle  carbon  group.     The  type  is 

*—  (*Ca  *)„.,„..  —* 

Examples  : 

Tnoxyglutanc  acids,  CO2H—*CH  OH—  °CH  OH—  *CH  OH-COjH 
a-Glucoieptitol,  CH2  OH-(*CH  OH)2—  °CH  OH-(*CH  OH)2-CH4  OH 

CHS        H     -  CH8 
Dimethyltncarballylic  acid   .....  H  _  *C  _  °C  _  *C 

C02H  C02H    CO,H 


H 


57 

In  these  cases  °C,  the  middle  atom  of  the  chain,  is  • 

Asymmetric  (active)  when  the  other  parts  of  the  chain, 
the  equal  halves,  are  asymmetric  similarly,  that  is,  have 
the  same  direction  of  rotation  ; 

Symmetric  (inactive)  when  the  two  other  parts  of  the 
chain  are  oppositely  asymmetric,  and  therefore  neutralize 
each  other  in  their  rotating  power 

Under  both  circumstances  when  the  middle  atom,  °C.  is 
included  in  the  number  w,  we  have  the  following  formula  for 
calculating  the  isomers : 


(HI) 


n  —  t  '1111 

I=-    2""*" 


From  this  it  follows  that  for 


3 

5 

7 

9 

4 

16 

64 

i  256 

2 

12 

56 

240 

2 

4 

8 

16 

I 

6 

28 

120 

111  deriving  the  different  stereoisomers  o'f  a  body,  it  is  con- 
venient to  employ  the  method  of  representation  proposed  by 
E.  Fischer,1  which  consists  in  this,  that  the  solid  model  ot  the 
molecule  (built  up  by  the  aid  of  the  well-known  rubber 
carbon  atom  models)  is  placed  in  such  a  manner  over  the 
plane  of  the  paper  that  all  the  carbon  atoms  are  found  in  a 
straight  line,  and  the  radicals  combined  with  them  (H  and 
OH ) ,  stand  to  the  right  and  left  above  the  plane.  Then  the 
projection  of  such  a  structure,  for  example,  that  of  of-glucose 
is  shown  in  the  following  diagram,  la,  and  that  of  /-glucose 
by  the  mirror  image  Ib.  A  more  contracted  method  of 
representation  is  shown  in  II  and  III,  where,  for  the  last  case, 
H  ~-  .  and  OH  -  x  . 

1  Fischer  .  Ber.  d.  cheni.  Gcs,,  34,  3683. 
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Ifl 


H- 


CHO 

JL 

HO— C— H 
H— C— OH 
H— C— OH 

CHnOH 


Ib 
CHO 


OH      HO— C—H 

I 


II 

III 

_*  .— 

CHO 

CHO 

R 

—           1 

R 

H 

OH 

HO 

H 

•X 

X- 

HO 

H 

H 

OH 

x« 

•  X 

H 

OH 

HO 

H 

•X 

X- 

H 

OH 

HO 

H 

•X 

x» 

CH2OH 

CH2OH 

KI 

Rl 

H—  C—OH 
HO—  C—H 
HO—  C—H 
CH2OH 

The  Inactive  Non-Separable  Modifications  are  distinguished  in 
the  following  configuration  formulas  by  this,  that  the  latter 
may  always  be  cut  by  a  horizontal  line  into  two  equal  halves  of 
which  the  lower  one  is  the  mirror  image  of  the  upper.  The 
compensation  existing  within  the  molecule  is  illustrated  by 
this,  for  if  m  Diagram  I,  below,  a  spiral  be  drawn  through  the 


four  radicals  in  the  direction, 


in  the  upper 

f 


2     »  /      ^ 

X    K  (   •   X 

half  of  the  figure  it  will  be  turned  to  the  right,  and  in  the 
lower  to  the  left.  In  compounds  which  have  in  the  chain  an 
uneven  number  of  carbon  atoms,  the  cut  passes  through  the 
middle  (not  asymmetric)  one  Such  inactive  molecules  may 
be  represented  by  the  following  diagrams  : 


I 

2 

3 

4 

5 

R 

x» 

R 
X" 
•X 

R 

X* 

R 
X« 

R 

•  X 

X' 

x» 

•X 

x» 

•X 

R 

R 

R 

X» 

R 

X- 

R 

In  what  follows  the  derivation  of  the  possible  optical  modi- 
fications for  chain  structure  molecules  with  n  =  i,  2,  3,  4,  5  will 
be  earned  through  and  illustrated. 

I.  11=1. 
First  Class  : 


For  example  . 

CH8                      CH, 
H—  C—  OH       HO—  C—H 
CH2OH               CHZOH 

CH2  COOH 
H~C—  NH2 
COOH 

CH2  COOH 

NH2~C~H 
COOH 

Right  and  left  propyleneglycol      Right  and  left  aspartic  acid. 


II.     n  =  2. 


A. 


=  2 


=  a  =  4.          2  =  0 

The  four  possible  active  combinations,  of  which  each  pair 
form  antipodes,  are: 


I 

R 
X- 
X» 


•X 
X- 


4 

R 

X- 

•X 


An  example  of  this  is  furnished  by  cinnamic  acid  dibromide 
of  which  the  four  active  as  well  as  the  two  racemic  forms  are 
known: 


HBr 
BrH 
COOH 


C.H, 

C«HS 

Br 

H 

H 

Br 

Br 

H 

H 

Br 

COOH 

COOH 

BrH 
HBr 


COOH 


Which  of  these  configurations  belongs  to  each  isomer  has 
not  been  established 

The  same  conditions  must  appear  with  • 


Phenyl-a-chlorlactic  acid 
Pheuyl-/8-chlorlactic  acul 
Trioxybutync  acids  . . . 


C(1H6— CH  OH— CHC1— COjiH, 
C,,HS— CHC1— CH  OH—COJI, 
CH,OII— CH  OH— CH  OH— CO,H,  etc. 


B.  Second  Class; 

N  =--  3        a  —  2         i  -• ~  i         r  ~-  i 

If  R  =  J?i  of  the  four  combinations  given  under  A,  i  and  2 
will  be  identical,  as  can  be  shown  by  rotating  the  diagram 
(turning  it  upside  down),  and  there  remain: 

j~t  in  n 

A  /t  A 

x«  »x  x» 

X-  X«  «X 

R  R  R 

Inactive.  Oppositely  active. 


Example  • 
COOH 

COOH 

COOH 

HOH 

HOH 

HOH 

HOH 

HOH 

HOH 

-f  tartaiic  aci 

COOH     • 

COOH 

COOH 

—  tartaric  aci 

Meso- 


Right 


Left 


Racemic  aci 


tartaric  actd,    tartaric  acid,    tartartic  acid. 

III.     »  =  3 
A.  First  Class: 

N=a  =  %  i  —  o 

We  have- 


I 

2 

3 

4 

5 

6 

7 

R 

^e 

R 

J? 

R 

R 

A' 

x» 

•X 

•X 

X- 

X« 

•X 

X- 

X- 

•X 

X- 

•X 

•X 

X- 

X- 

x» 

•X 

X- 

•X 

X- 

•X 

•X 

*t 

*1 

*  

I1 

> 

A', 

>i'l 

Example 


Pentoses CH.OH— 

Pentomc  acids CH^OH— ( CH  OI I ),— CC)(  )I  ] 


12               34               56                7 
R           R            R            R            R            K              A' 

HO 

H        H 

OH        H 

OH  HO 

H      HO 

H         H 

HO 

H 

HO 

H        H 

OH     HO 

H         H 

OH      H 

OH   HO 

IK) 

II 

HO 

H        H 

OH     HO 

H         H 

OH  HO 

H         II 

II 

Oil   Ii 

M 


7-Ribose  Unknown  /-Arabinose.  d-Atabi-J  Unknown.  /-Xylose    I,yvose     ITI 

/-Ribomc                     /-Arabonic      nose  /-Xyloiilc  l«>xunir 

acid                              acid  acid         ticul 

B    Third  Class: 

N  =  4         «  =  2  z  -=  2          ;•       i . 

Of   the  configurations  given  under  A  the  follow!  n 
identical  when  JZ  =  ^?1.- 

i  with  2  4  with  7 

3     <c     8  5     "     6 


and  there  remain: 


1                    3                    4                    5 

•R               R                A*                 A5 

X«                 «X                 X«                    X 

x-           x«             «x             «x 

X-                X»                   «X                   X 

» 

A*               A*                 A5                  A* 

Inactive.       Oppositely  active.        Inactive. 

Example  : 

Pentitols 

PIT  nw    (PT-T  nw 

)a—  CH,OH 

Trioxygh 

itaric  acids  COOH    (  C"R  OT-T  ^ 

»—  coon 

R 

A>                          A' 

R 

HOH 

HOH                   HOH 

no  ii 

HOH 

HOH                          HOH 

HOH 

HOH 

HOH                          HOH 

HOH 

R 

A5                             A' 

A? 

Adomtol 
Ribotnoxy- 
glutanc  acid 
Inactive 

, 

Xyhtol 
Xylolrioxy- 
fflutanc  ucid. 
Inactive 

/-Arabitol.                Unknown 
/-Trioxy- 
glutaric  acid. 

IV       n  =~  4. 

A    First 

Class. 

JV  =  -  a  =•  16,         /    -   o,         ;        8. 

I                   2 

34                 56 

7           8 

R           R 

A5           A'                A*          A» 

A1          A1 

x«        «x 

•X         X-                X«          »X 

X>          *X 

x«        »x 

"                           *  rS                                   *  ?S                 rS  * 

X*              .  s> 
*  *^ 

x»        «x 

X*              .  ^s                    sx  *             .  *i^ 
•                 *  i*S                         ^S  •                •  /S 

•X        X' 

x»        «x 

x^        .x           x«       -x 

x«       «x 

iL^fi 

^  —  ,  —  li           vlL.,  —  11 

A',          A', 

"""•     —••*,!    Ull       "1  

9           10 

II               12                    13             14 

IS                            16 

A*            A* 

A5           A?              A1         A5 

A'         A1 

x«        «x 

•X         X«                 «X        X- 

•X        X* 

x» 

•X         X-                X"          -X 

X*         *X- 

x«        «x 

r\  *                     *?S                               *?S               ?S* 

X*          -X 

•X         X« 

x^       »x           x»       «x 

*X        X* 

Of  these  sixteen  active  configurations,  in  the 

Rj.  R 

Hexoses CH2OH— (CH.OH)4— CHC 

and         Hexonic  acids CH2OH— ( CH  OH )4— COG 

the  following  are  known. 


5 

6 

7                     8 

R 

R 

n                               jp 
J\.                              •/£ 

HO 

H 

H 

OH            HO 

H                 H 

OH           HO 

H 

OH            HO 

H              HO 

H                 H 

OH           HO 

HO 

H 

H 

OH               H 

OH            HO 

H 

HO 

HO 

H 

H 

OH           HO 

H                 H 

OH              H 

•#i 

1 

?, 

Cj                              .j 

1 

^ 

/                      d                     d 

/ 

a 

J          Talo 
id.     talon» 

Glucose,  gluconic  acid               Gulose,  gulonic  ac 

II                        12 

13 

14                 15 

R                R 

R 

T>                        r> 
j\.                        j\. 

H 

OH       HO 

H 

HOH 

HOH 

H 

OH       HO 

H 

OH       HO 

H 

HOH 

H  OH       HO 

H             II 

HO 

H            H 

OH          HOH 

HO  H          HO 

II             H 

HO 

H            H 

OH       HO  H 

I-I  OH 

H 

OH       IIO 

jc>                 i? 
•«i                  Ai 

/                 d 

A', 
d 

/'                d                 I 

j                 ^       __.  

nnose,  nmnnonic  acid.      Idose,  idonic  acid. 

Galactose,  go. 
acid 

B.  Second  Class. 
N  ---  10 


a  =--8 


1  --   2 


=    4 


This  number  of  isomers  follows  from  the  confign 
given  under  A  when  R  is  taken  equal  to  JRV  becau.se  the 
become  identical: 


i  with  2 

3  "    io 

4  "      9 


5  with  8 

6  "    7 
15      "  16 


WJ?     IN  UJW.iJjt!,K. 


There  remain  then: 

i  -  (3,  4)  -  (5, 
We  have  here 

and 


(II,  12)  —  (13,  14)  —  15. 


Saccharic  acids 
:he  last  of  whicl 

^..nj)V_/*l—  ^  V.  JLJ.I  \J  J.JL  ^,J|~  V^AJLj  \J  ±4. 

COOH—  (CH  OH),t—  COOH, 
rms  are  known  : 

1  the 

ten  f  o 

i 
R 

3 

4 
R 

5 
A* 

6 
R 

HO 

H 

H 

OH 

HO 

H 

HO 

H 

H 

OH 

HO 

H 

HO 

H 

H 

OH 

H 

OH 

HO 

H 

HO 

H 

HO 

H 

H 

OH 

HO 

H 

H 

OH 

HO 

H 

HO 

H 

H 

OH 

HO 

H 

H 

OH 

Inactive 

Allo- 
mucic  acid. 

R                   R 

I                   d 

A*                   R 
I                   d 

Sorbitol. 
Saccharic  acid 

Tahtol 
Taloniucic  acid 

n 
A' 

12 

A1 

J3 

R 

I 

14 
A* 

15 
A' 

H 

OH 

HO 

II 

II  OH 

HO 

H 

II  OH 

H 

OH 

HO 

II 

HO 

H 

HOI  I 

IK)  II 

HO 

H 

H 

OH 

H 

on 

HO 

II 

on  n 

HO 

H 

H 

Oil 

HO 

H 

II 

OH 

Il'oH 

R 
I 

d 

R                    R 

d                     I 

Iditol 
Idosacchnnc  acid 

A' 

Inactive 

Dulcitol. 
Mucic  acid 

Mannitol 
Mamie-saccharic  acid 

A. 


V      n  ---  5. 


Class  • 

JV  =-  a  --32          z  -----  o          r       16. 

The  thirty-  two  possible  combinations  are  as  follows,  leaving 
out  the  symbols,  R  and  R^  : 


I 

2 

3 

4 

5 

6 

7 

8 

X- 

•X 

•  X 

X  • 

x« 

•X 

X- 

•X 

X* 

•X 

x« 

•X 

•X 

X* 

x« 

•  X 

X- 

•X 

X  * 

•  X 

X- 

•  X 

•X 

X  * 

X* 

-X 

X- 

•X 

X- 

•  X 

x» 

•X 

x» 

•X 

x« 

•X 

x» 

•X 

x« 

•X 

64 


1  I 


10 

II 

12 

13 

14 

IS 

x« 
x« 

X' 
•X 

x« 

•  X 
•  X 
•  X 

x« 

•  X 

•  xxxx 
x  •  •  •  • 

X  •  •  •  • 

I-  xxxx 

•  X 
•  X 
X- 
X- 

x» 

1  ^ 

X« 
•X 
•X 
•X 

•X 

•X 
X- 

•—  i 

17 

•  X 
X  • 

f  ' 
18 

x« 

•  X 
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B.   Third  Class  : 

N=  16       a  —-  12        /       4        r 
When  J?  =  jRlt  of  the  forms  given  under  A, 
are  identical : 

i  with  2  13  with  32 
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There  remain  then,  as  can  be  calculated  from  the  formulas, 
sixteen  configurations  ;  vis. ,  six  active  pairs  and  four  inactive 
forms.  These  are : 
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Active.  Active         Inactive.        Active.        Inaotive. 

Of  such  configurations,  the  following  uic  known  : 
7  1  6 

coon  coon 

i 
iron  iion 

HOH  IIOII 

IIOII  110,11 

i 

110,11  IIOII 

ncni  ir'oir 

coon  coon 


a-(rhK'nj>i'ntnxy-  ft 

piinolu'  nc'id.  piniclu'  tund. 

Inactive.  A  oil  vi*. 

A  discussion  of  the  methods  and  ct)n.sitk-nition,s  leading  to 
the  determination  of  the  j)ositions  (  )  and  Oil  as  they  have  been 
developed  by  K.  Fischer  for  the  bodies  of  the  sugar  group,  does 
not  fall  within  the  plan  of  this  book. 

Asymmetric  Molecules  with  Chain  Structure  which  contain  a 
double  carbon  linkage  must,  in  consequence  of  the  resulting 
cis-trans  isomerism,  show  rf-  and  /-modifications  for  each  of  the 
two  forms.  According  to  Walden,1  who  called  attention  to 

i  Wnltk'ii    Her.  d.  clicm.  Gen.,  sty,  3476, 
5 
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these  relations,  the  following  bodies  may  be  of  this  kind  • 

Right-rotating      ]  CH8  (CH2)5  *CH(OH)  CH2.CH 
ncmelaidic  acid      f  1 1 

Transform         J  H.C  (CHa)7  COOII 

Right-rotating      )  CH,  (CH2)5  *CH(OH)  CH2.CH 
ncmoleic  acid       >  || 

Cis  form  J  CO  OH  (CH2)7  C.H 

The  left-rotating  antipodes  are  as  yet  unknown. 

Asymmetric  bodies  having  a  triple  carbon  linkage  can  yield 
only  one  pair  of  optical  antipodes ,  thus,  from  the  above  acids 
only  a  single  ^-ncmstearoleic  acid,  corresponding  to  the 
formula1 

CH3.(CH2)5*CH(OH)  CH,  C  *  C.(CHa)7.COOH, 
may  be  obtained 

Ring  Structure  Molecules  — Those  which  contain  only  one 
asymmetric  carbon  atom  yield  d-,  /-,  and  r-modifications,  as 
has  been  already  shown  for  many  bodies,  such  ah  methyl-, 
ethyl-,  and  propylpipendme,  limonene,  menthene,  camphene, 
pinene,  and  others. 

Cyclic  compounds  with  two  asymmetric  caibon  atoms  may  f 

exist  in  four  active  isonieric  forms,   two  of  each  being  optical  / 

antipodes,  and  also  in  two  racemic  forms.  As  a  matter  of  fact,  / 

these  six  forms  are  known  in  the  case  of  the  camphonc  acids          ) 
of   which  there    exist,  according  to  Aschan,*  only    ( i  j  the          ) 
common  d-,  /-,  and  r-camphonc  acids  which  correspond  to  the      / 
malemoid  or  cis  form,  and  (2)  the  d-,  /-,  and  r-isocamphonc      / 
acids  which  correspond  to  the  fumaroid  or  cis-trans  foi in,     As 
is  well  known,   the  structure  of  camphonc  acid  has  not  been 
finally  settled ;  the  above  relations  point  to  the  existence  of 
two  asymmetric    carbon    atoms.     (Bredt's   formula  contains 
three,  those  of  Tiemann  and  Semmler  four,  *C. ) 

The  same  conditions  appear  to  obtain  with  othoi  cyclic 
compounds,  as,  for  example,  borneol,  the  composition  of  which 
is  not  definitely  known 

Further  details  concerning  the  relations  of  optical  modi- 
fications will  be  found  in  the  chapter  on  the  "Development  of 
Active  Isomers  "  • 

i  Goldsobel    Ber  d  chem  Ges  ,  37,  3121 
s  Aschan    Ibid ,  37,  2001 
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B.    Physical  and  Chemical  Behavior  of  the  Optical  Modifications 
a  BEHAVIOR  OF  THIS  ANTIPODES 

17.  Physical  Properties. — Of  these,  only  such  can  be  different 
for  the  two  antipodes  m  which  the  contrast  of  -f-  and  —  is 
essentially  inherent.  Besides  optical  right  and  left  rotation,  and 
the  enantiomorphism  of  crystals,  ibe pyroclectnctty  ol  the  latter 
belongs  here  The  phenomenon  of  opposite  electrical  poles  in 
a  certam  class  of  crystals  is  disclosed  only  when  they  are 
heated,  or  cooled,  or  subjected  to  one-sided  strain  or  pressure. 
Among  such,  which  in  solid  or  dissolved  condition  show 
optical  activity,  the  following  have  been  found  to  exhibit 
pyroelectricity  • 

Hexagonal  System ;  quartz,  potassium-lithium  vsulphate, 
sodium-lithium  sulphate,  potassium  bromatc,  potassium  peri- 
odate,  d'-antimonyl-strontmm  tartrate,  </-lead  tartrate. 

Tetragonal  System  .  rf-aiitimonyl-barium  tartrate 

Monodlnic  System  d-  and  Martaric  acid,  ^-potassium, 
ammonium  and  strontium  tartrates,  cane-sugar,  milk-sugar, 
d-  and  /-carvoxime,  d-  and  /-fenchonc  oxime,  d-  and  /-«'- 
carvone  pentabromide. 

For  further  information  on  the  subject  of  pyioelectncity  oi 
crystals,  the  reader  is  refened  to  the  excellent  discussion  of 
this  condition  in  Liebisch's  "  Orundriss  dor  physikalischeii 
Krystallographie, "  1896.  pp  462^1471 

All  other  physical  pioperties,  on  the  contrai  y,  are  perfectly 
identical  in  the  antipodes  As  observations  on  numerous 
substances  have  shown,  tins  is  the  case  with  respect  to 

i.  Specific  gravity. 
2    Melting-point  and  boiling-point. 
3.  Solubility.1 

4    Heat  of  solution  (d-  and  Martaric  acid,  Berthelot   and 
Jungfleisch  ;*  d-  and  /-mositol,  Borthelot)." 

1  Ceitani  statements  me  found  concerning  the  unequal  Hohibility  of  antipodes.  Al 
ordinary  temperature  rf-aaparagine  is  mid  to  be  somewhat,  mote  soluble  than 
/-asparagine.  (Pintti.  Her.  d  chein.  Oes ,  IQ,  ifiya.)  In  cooling  down  a  hot  aqueous 
solution  of  racemic  camphoric  acid,  Jungfleisch  observed,  first  the  separation  of  the 
left-rotating,  and  then,  below  40",  of  rlglit-iotating  ciyHtnlH.  In  dilute  acetic  acid  the 
solubilities  were  even  more  different  (Dull.  Soc,  Chiiu,,  [aj,  41, 33/1).  II  in  a  question,  in 
such  cases,  whether  real  antipodes  were  present  or  not. 

=  Berthelot  and  Jungfleisch  :  Compt  rend,,  78,  711. 

8  Berthelot:  find,,  no,  1344 
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5.  Heat  of  combustion  (close  agreement  found  for  d-  and 

/-camphoric  acid,  Louguimne  j1  d-  and  /-mannonic  acid 
lactone,  Fogh).1 

6.  Heat    of   neutralization  (shown   for    d-    and  /-lartaric 

acid  with  active  bases,  Jahn)  .2 

7.  Electrical    conductivity    (d-  and    /-tartaric  acid,    Ost- 

wald).8 

8.  Index  of  refraction  (shown  for  d-  and   /-terpeues  and 

derivatives,  Wallach,  Bnihl) 

18.  Different  Behavior  of  the  Antipodes  on  Combination  with  Active 
Substances.  Conditions  of  Solubility. — If  the  d-  and  /-forms  of  an 
active  body  be  brought  into  new  combinations  which  contain 
the  original  active  complex,  and  in  which  no  new  asymmetric 
carbon  atom  is  added,  the  two  products  are  perfectly  identical, 
with  exception,  of  course,  of  their  opposite  rotating  powers 
and  crystalline  enantiomorphism.  This  is  the  case  when  the 
antipodes  of  an  acid  are  combined  with  an  inorganic,  or  with 
an  inactive  organic  base  ;  the  two  salts  show  the  same  solu- 
bility, contain  the  same  amount  of  water  of  crystalli/ation,  and 
so  on 

However,  if  the  two  oppositely  rotating  forms  be  brought 
into  combination  with  an  active  substance,  so  that  new  asym- 
metric carbon  atoms  are  added,  then  marked  differences  in 
behavior  may  appear.  This  is  the  case  when  a  d-  and  /-acid 
are  combined  with  the  same  alkaloid,  or  a  d-  and  /-base  with 
the  same  active  acid,  for  example,  with  rf-tartanc  acid  ;  the 
two  salts  differ,  especially  in  their  solubilities.  The  iea,son  for 
this  is  found  simply  in  the  fact,  that  when  a  right  and  left 
asymmetric  group, 

b  b 


a— C— c 


c— 0— a 
I  I 

are  attached  to  the  same  asymmetric  complex, 

a-t-, 

the  two  resulting  bodies 

iSTETwS't^J^r11    Zt9Chr>PhyS  «»«.«.».  and  .0,410, 
«  Ostwald    ztschr  phy's  Chem  ,  3,  371 
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are  no  longer  mirror  images  of  each  other 

The  unequal  solubility  of  two  such  isoraenc 
does  not  appear  to  bear  an\  definite  relation  to  the  cbrcctaoe 
of  rotation  of  the  acth  e  components  %*hen  the  mmc  ailnrihid 
is  united  to  different  active  acids,  sometimes  the  ^-form  of  the 
latter,  and  sometimes  the  /-form,  gi\es>  the  kast  soluble  nltf 
that  is,  the  one  ^hich  precipitate*,  first  In  the  same  waaemtx 
flf-tartanc  acid  tehaies  different!)  with  the  antipodes  of  dsfer- 
ent  bases.  This  is  shown  b>  the  following  oWmtmn  wfetdi 
in  the  main  have  l>een  taken  from  a  tabk  b\  Winther  '  Tbe 
symbols  i  H'<  and  >  A  i  indicate  the  sohent  %ater  ur  akdbol : 
rf-Cinchomcuie  pre.'ipiuie*  /  tartanc  acs<{  H 
</-Cmchonint  "  /-urtjrn  MI<\  H 

(f.         "  '  -iiniumic  ACS  1  >Ll»r!>rtj!«k>    ,4    ' 


d- 
d- 
d- 

(/-Qmnwline 
i/.Quinicnie 
/-yuimne 


i  41:  i  -1,1  rv 
,/tartiri.  aH'I    W 
jf-iartanc  <u.i<i    H 
t/-tr  ij.ii  i.  **  .-I    M 


..'     -f 


371, 


/.Cmchoni<line 
i  Winther    Ber  d  chem  »>*    a», 
s  Pasteur    COHIJM;  rend    3-j  s2 
»  Pasteur    Ann  chim  phv*     -   3* 

*  Erlenmcjer,  Jr     \nn    Chew      L) 
iiebermann    /*jrf,36,  i<*'    Hirsch    /*u    a?t  *^ 

»  Purdie  and  Marshall    J  Chetn  Sx    *j,  zi- 

*  I^ewkowitsch    Ber  d  chem  ^et    i»,  i«-4  »*i  *"j 

"'  F»le«    rtazz  chim  ital   33.   i    *»    T   prakt  Cb*m 
«  Erlenmeyer,  Jr     Ann   Che»      Lietngj    3?«. J  *•*    * 

a*,  1659. 

»  Hirscb    Ber  d  cb«a  C*«.  vj.  9»S 
M  Pasteur   Conapt  Xewi.  37. »«« 

Asm.  dun  p&y*.,  [3]  *•»  4T* 

Ber  d  CIMMB.CC& 

i  «kti   i«  e* 

Ohm  Sec.,41*** 
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/-Cincbonidme  precipitates  /-cmnannc  acid  dibromide  ( 

/.        "  "         /-allocmnamic  acid  dibromide  (ben/ene);* 

/-Strychnine  "  c?-pyrotartaric  acid  ( W)? 

I-         "  "  af-galactom'c  acid  ( Jf)/ 

/.         "  "  rf-dmydro-o-phthalic  acid  ( ft7)/'     ' 

/.         "  "         flT-cmnamic  acid  dichloride  (A),t] 

I-         "  "  rf-cinnamic  acid  dibromide  (.<*/), ' 

/-         "  "          /-lactic  acid  (W}f 

/-         "  "         /-methoxysuccimc  acid  ( W)f 

/-         "  "  /-propoxysuccinic  acid  ( fF)  ;w 

/-Brucine  "  fl?-tartaric  acid  (A},n 

I-       "  "  rf-a-oxybutyric  acid  ( W)tvi 

I-      "  "  rf-a./3-cmnatnic  acid  dibromide  (u'/),'a 

/-       "  "  rf-pb.enyl-ia-7-dibronibiilync  acid  (*•/), H 

/-      "  "  /-valenanic  acid  ( W}  ;1S 

rf-Tartanc  acid             "  i/-a-pipecoline  ( W},n 

d-     "  "               "  ^-ethylpiperidine 

d-     "  "              "  rf-comne  ( B/),18 

d-     "  "               "  rf-copellidine  ( W] 

d-     "  "              ' 

d-     "  "              ' 

d-     "  "              ' 

d-     "  "               « 

<f-     "  "              ' 


/-p-pipecohne 
/-isocopellidme  ( IP),® 
/-propylenediannne  (  W}>  '•"' 
/-i,5-tetraliydronaplilhylenediamin«(  ///r).M 


1  Hirsch    Loc  cit 

-  I<iebermann    Ber  d  chein  Ges  ,  37,  2042 

3  I,adenburg    Ibid  ,  x8,  1170 

4  Fischer  and  Hertz    Ibid  ,  25,  1257 
'•  Proost    Ibid  ,  27,  3185 

•  lAebermaim  and  Finkenbemei     /i?rf  ,  26,  883  ,  Ihnkenbelnei  •  /«/./.,  37, 


iT-rf  «xB 

Hartmann    Ibid  ,  26,  829  and  1665 

8  Purdie  and  Walker    J  Chem.  Soc  ,  61,  754 

9  Purdie  and  Bolam    Ibid  ,  67,  044 
w/izd 

11  Pasteur    Ann  chim  phys  ,  [3],  loc  at. 

12  Guye  and  Jordan    Compt  rend,,  120,  562 
"  Hirsch    Loc  at 

»  lath  Meyer,  Jr  ,  and  Stein    Ber  d  chem  Ces  ,  27,  PQO. 
ln  Schut?  and  Marckwald    Ibid  ,  29,  52. 
™l,adenburg    Ann  Chem  (I^iebig),  247,  64 

17  /izrf  ,  p  71 

18  /«zrf  ,  p  85 

"  rI7  ^d  Wo^ste™   Ber  d-  «*««.  Ges  ,  28,  2270, 
20  I^idenburg   Ibid  ,  37,  76 

81  n*d  ,  p  75 

^I^evyandWolffenstem    Loc  at 
»  Baumann    Ber  d  chem.  Ges.,  28,  1179. 
"Bamberger    Ibid,  33,  291 


uiul 


In  the  above  list  there  are  aiteteen  cases  in  which  baseg  an 
acids  of  opposite  rotation  unite  to  form  a  less  soluble  Salt,  an 
seventeen  cases  in  which  the  salt  is  formed  by  the  union  c 
acids  and  bases  of  like  rotation 

In  the  two  groups  of  isomeric  cinchona  alkaloids  their  com 
position  appears  to  play  some  part  as  may  be  seen  from  thi 
following  table  in  which  is  given  the  modifications  of  severa 
acids  which  yield  the  less  soluble  salts  with  the  bases- 
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From  this  it  might  appear  that  the  bases  of  each  group 
behave  in  a  similar  manner  with  each  acid  and  also  that  the 
two  groups  are  opposed  to  each  other  in  their  action;  if  the 
one  combines  with  the  d-iot in  of  an  acid  the  other  takes  the 
/-form  However,  a  greater  number  of  observations  will  be 
required  to  fully  establish  the  rule 

Ch.  Winther  has  proposed  a  theory  concerning  the  resolu- 
tion of  racemic  bodies  by  active  bases  which  takes  into  con- 
sideration the  configuration  of  the  molecules.1  Reference  only 
can  be  made  to  this  here. 

For  the  application  of  the  unequal  solubilities  of  the  salts  of 
active  bases  and  acids  in  splitting  racemic  bodies,  see  §  33 

19.  Physiological  Differences  between  the  Antipodes. — These  are 
recognized  through  the  following  phenomena 

i.  J3y  the  -power  which  certain  organised  ferments  possess \ 
when  growing  in  solutions  of  racemic  bodies,  to  destroy  one  com- 
ponent of  the  combination  while  the  other  is  left  unchanged 

This  power  belongs  especially  to  a  number  of  molds,  such  as 

i  Ch,  Winther  Ber,  d.  chem  Ges ,  a8,  3000 


Penidllium  glaucum>  Mucor  Mucedo,  Aspergillus  fumi& 
and  others,  also  to  several  kinds  of  yeast,  and  finally  to  c< 
schizomycetes  {Bacterium  termo,  Bacillus  ethaceticus 
others)  The  first  observations  on  this  point  were  mac 
Pasteur1  in  1860,  who  found  that  if  spores  of  Penfa 
glaucum  along  with  traces  of  nutritive  salts  (potassium 
phate  and  magnesium  sulphate)  are  sown  in  a  solutii 
ammonium  racemate,  the  originally  inactive  liquid  be< 
gradually  levorotatory  as  the  development  of  the  fungu; 
ceeds  and  that  finally  no  dextrotartaric  acid  whatever  is 
It  was  observed  later  that  solutions  of  many  other  rai 
bodies  in  contact  with  fungi  behave  in  the  same  manner 
consequently  that  from  them  in  some  cases  the  right-rot 
and  in  other  cases  the  left-rotating  form  could  be  secured 
this  way  it  was  found  possible  to  obtain  active  forms  fr 
number  of  racenuc  acids,  as  lactic  acid,  aspartic  acid,  mai 
acid,  and  even  from  haloid  acids,  for  example  from  cmr 
acid  dichloride,  also  from  several  alcohols,  as  methyle 
carbinol,  methylpropylcarbniol,  propyleneglycol,  and  o 
(see  §  34).  With  many  substances,  however,  the  growl 
fungi  is  not  possible  and  they  remain  m  the  inactive  cond 
Further  data  concerning  the  methods  employed  in 
experiments,  and  a  description  of  the  fungi,  will  be  founc 

34- 

In  the  following  the  question  of  the  mode  of  action  o 
fungi,  and  whether  any  definite  rules  may  be  deduced,  w 
taken  up  first  It  must  be  remarked  at  the  outset,  how 
concerning  observations  in  this  direction,  that  many  of 
date  from  a  time  when  methods  of  producing  pure  cul 
of  the  fungi  had  been  but  little  developed  and  that  wit 
doubt  many  experiments  were  carried  out  with  impure  mat< 
The  results,  therefore,  can  not  be  looked  upon  as  fully  e 
lished  in  all  cases. 

As  far  as  the  molds  are  concerned,  it  does  not  appear 
different  varieties  possess  any  definite  selective  action  01 
antipodes.  It  has  been  found  on  the  contrary  that  the  ! 
mold  decomposes  the  right  modification  of  some  racemic  bo 
and  the  left  modification  of  others.  For  example,  by  tto 

i  Pasteur  Compt  rend.,  51,  398. 


of  Penidlhum  glaumm^  ~tke».  following    active  forrn$''w 
obtained  from  racemic  bodies  * 

rf^methylethylcarbin  carbinol, 

rf-ethylidene  lactic  acid, 

aT-ethoxysiiccimc  acid, 

^-mandelic  acid, 

</-aspartic  acid,-* 

aUeucine,3 

/•methylethylcarbmol,         4  • 

/-methylpropylcarbmol, 

/-ethylpropylcarbin  ol , 

/-tartaric  acid, 

/-mannomc  acid  lactone, 

/-glutammic  acid,4 

/-glyceric  acid 

As  seen,  the  destructive  action  of  the  fungus  on  the  alcohol 
as  well  as  on  the  acids,  is  exerted  m  some  instances  on  the  01 
form,  and  in  others  on  the  opposite. 

There  a're  some  cases  in  which  from  racemic  bodies,  tl 
dextro  form  may  be  obtained  by  one  variety  of  fungus  and  tl 
levo  form  by  aid  of  a  different  fungus  Thus,  there  are  n 
attacked 

rf-Mandehc  acid  by  Pemcillium  glaucwn,  Mucor  Mucedo 

i-        "  "  "    Saccharomyces  elhpsoideus  and  another 

schizomycite  not  definitely  known  (vibrio5) 

a?-Glyceric  acid8  ' '    Bacillus  ethaceticus  7 

/-        "         "  "    Pemcilhum  glaucum 8 

rf-Tartaric      "  "a  certain  unnamed  schizomycite  (vibrio9) 

/-        "         "  "    Pemcilhum  glaucum 10 

The  investigations  of  B  Fischer  have  thrown  much  lig] 
on  the  action  of  yeasts  (Saccharomyces  elhpsaideus,  >. 
cerewstae,  S.  Pasfonanus,  S  Marxianus,  etc.)  on  tl 

1  The  literature  of  these  data  will  be  found  in  g  34 

2  The  hydrochloric  acid  solution  of  the  /-form,  which  in  water  shows  dext 
rotation,  was  not  attacked. 

8  The  form  rotating  to  the  left  in  hydrochloric  acid,  and  in  water  to  the  ngl 
was  obtained 

*  The  form  rotating  to  the  left  in  hydrochloric,  and  in  the  same  direction  wh 
dissolved  in  water,  was  left 

'  Ivewkowitsch    Ber  d  chem  Ges ,  15,  1505 , 16, 1568. 

0  The  racemic  calcium  glycerate  used,  left  the  levorotatrng  salt  which  correspori 
to  the  dextro  acid 

f  Prankland  ejid  Frew ,  J  Chem.  Soc,  59,  101 

8  I,ewkowitscn    Ber  d,  chem  Oes ,  16,  2720 

0  lyewkowitsch    Loc,  at 

u  Pasteur, 


different  kinds  of  sugars  It  was  found,  that  of  the  tv 
antipodes,  only  one  undergoes  fermentation,  while  the  oth 
remains  unchanged.  Thus : 

Ferment  Do  not  ferment 

d  (+)  Glucose,  /  (— )  Glucose,1 

d  (+)  Mannose,  /  ( — )  Mannose,2 

d  (+)  Galactose,  /  (— )  Galactose," 

d  (— )  Fructose,  J(-f-)  Fructose* 

Again,  it  was  found  that  with  isomeric  sugars  which  she 
the  same  direction  of  rotation  the  configuration  of  the  mol 
cule  exerts  an  influence  on  the  behavior  toward  yeast.  Fisch 
and  Thierfelder6  have  found  the  following  differences 


Easily  fermentable. 

Difficulty 

Not 

fermentable 

fenneutab 

d-Glucose 

rf-Marmose. 

rf-Galactose. 

rf-Talose. 

CHjjOH 

CH2OH 

CHaOH 

CH,0 

HO—  C—  H 

HO—  C—  H 

HO—  C—  H 

HO—  C—  H 

HO—  C—  H 

HO—  C—  H 

H—  C—  OH 

H—  C—  O 

H—  C—  OH 

H—  C—  OH 

H—  C—  OH 

H—  C—  O 

HO—  C—  H 

H—  C—  OH 

PIO—  C—  H 

H-C—  0 

CHO 

CHO 

CHO 

CHO 

2.  Unorganised  Ferments  {Enzymes}  show  in  their  pow 
of  splitting  glucosides  phenomena  similar  to  those  of  tl 
yeasts.  Investigations  of  B.  Fischer  have  shown  that  tl 
hydrolysis  of  the  «-  and  /?-isomeric  forms  (different  configur 
tions)  of  d-  and  /-methyl  glucoside  may  depend  on  (i)  tl 
nature  of  the  enzyme,  (2.}  the  configuration  of  the  glucosid 
and  (3)  the  direction  of  rotation  of  the  active  group.  The  fc 
lowing  relations  have  been  observed:" 

Emulsm.  Invertln. 

a-Metliyl,  rf-glucoside does  not  split  splits 

a-     "         I-       "        does  not  split  does  not  split 

P-     "        d-       "        splits  does  not  split 

p-     "         /-        "        does  not  split  — 

1  Fischer   Ber  d  chera,  Ges.,  33,  2621;  ay,  2031 
a  Fischei :  fdidt,  33,  382 
8  Fischer :  Ibid ,  35, 1259. 

*  Fischer  Ibid,,  33,  389 

•  Fischer  and  Thierfelder:  Ibid ,  ay,  3035. 
«  Fischer-  fbitt.,  sty,  2985;  a8, 1429. 


Finally,  as  regards  the  explanation  of  the  behavior  of  the 
pure  enzymes,  as  well  as  of  that  of  the  fungi  containing 
enzymes,  there  can  be  but  little  doubt  that  here  the  same  con- 
ditions obtain  as  in  the  case  of  bringing  together  racemic  acids 
and  alkaloids  The  enzymes,  like  all  other  albuminous  bodies, 
represent  asymmetric  molecules  endowed  with  rotating  power, 
and  therefore  behave  differently  with  the  optical  antipodes. 
Pasteur,1  many  years  ago,  employed  an  illustration  when  he 
remarked  that  if  a  right  and  left  screw  be  driven  into  pieces  of 
wood,  the  fibers  of  which  run  in  a  straight  direction  (inactive 
substance),  two  systems  of  the  same  kind  are  produced;  but 
that  this  is  no  longer  the  case  if  the  fibers  of  the  wood  them- 
selves possess  a  spiral  form,  and  turned. in  opposite  directions 
in  the  two  pieces  Again,  as  regards  the  unequal  action  of 
molecules  of  different  configurations,  it  appears  that  the  yeast 
cells  with  their  asymmetrically  formed  active  agent  attack  and 
ferment  only  those  kinds  of  sugars  whose  geometry  is  not  too 
greatly  different  from  that  of  grape-sugar  (Fischer  and 
Thierf  elder*  )  In  the  same  way,  one  can  represent  the  action 
of  the  enzymes  on  glucosides  as  taking  place,  only  when  the 
geometric  forms  are  such  as  to  permit  that  close  approach  of 
the  molecules  necessary  to  the  beginnings  of  chemical  change. 
To  employ  a  figure  used  by  Fischer,8  the  two  bodies  must  fit 
each  other  as  lock  and  key.  What  becomes  of  the  part  of  the 
active  substance  taken  up  by  the  organized  ferment,  is  known 
only  in  the  case  of  a  few  fermentations  ;  for  all  other  cases 
there  are  no  available  observations 

3  Further  physiological  differences  between  optical  anti- 
podes have  been  observed  in  a  few  instances  with  reference  to 
toxicity  and  taste 

Different  Degrees  of  Toxidty  between  d-  and  l-Tartamc  Acid 
were  noted  by  Chabn£*  by  injecting  solutions  of  i  part  of  acid 
to  5  or  6  parts  of  water  into  the  peritoneal  cavity  of  guinea 
pigs  and  observing  the  time  required  to  produce  death.  From 
the  experiments  which  were  extended  to  include  racemic  and 
mesotartanc  acids,  inactive  modifications,  it  was  found  that  the 

1  Pasteur    "  Dissymmetric  moleculaire,"  1860 

a  Fischer  and  Thierf  elder    Ber,  d  chem  Ges  ,  37,  2036 

8  Fischer    Ilnd  ,  37,  2992 

*  Compt   rend  ,  116, 1410 


toxicity  of  the  different  acids  calculated  for  equal  weights  of 
animal  were  as  follows1 

Left  tartaric  acid 31 

Right  tartanc  acid 14 

Racemic  acid • 8 

Mesotartanc  acid    6 

According  to  this,  /-tartaric  acid  is  about  twice  as  strong  a 

poison  as  the  af-acid. 

With  conine,  Ladenburg1  noticed  no  difference  in  toxicity 

between    the  natural  right-rotating  base  and  the  synthetic 

racemic  #-propylpiperidine. 
A  difference  m  taste  between  d-  and  /-asparagine  has  been 

noted      In  evaporating  an  aqueous  solution  of  20  kilograms 

of  asparagine  obtained  from  vetch  shoots,  Piutti2  noticed  the 
!  formation  of  euantiomorphous  crystals,  which,  when  separated 

i  from  each  other  mechanically,  were  found  to  be  characterized 

j, ,  by  equal  and  opposite  rotations,  and  further  by  the  fact  that 

j.  the  right-rotating  crystals    had  a  sweet  taste,    while*  those 

; ;  rotating  to  the  left  had  the  very  slight  taste  of  the  common 

•  asparagine.     In  derivatives  from  the  two  forms,  such  as  d-  and 

|,!J  /-aspartic    acid  a  difference  in  taste  was  no  longer  noticed. 

j'jj  The  equal  rotations  of  the  two  forms  indicate  that  the  two 

;  l!  asparagines  are  real  optical  antipodes.     A  second  example  is 

III,  given  by  glutaminic  acid,  the   rf-form  of  which  has  a  specific 

'j;  taste  while  the  /-form  is  tasteless.3    Pasteur4  has  made  the 

suggestion  that  the  differences  in  taste  may  be  due  to  the 
''  •  nerves  themselves  being  formed  of   asymmetric  substances, 

!'  ]         *         and  that  an  effect  exists  here  like  that  of  the  ferments 

i ! 

|  b.  PROPERTIES  OF  RACEMIC  COMPOUNDS  AND  DISTINCTIONS 

j  ",  BETWEEN  THESE  AND  ACTIVE  MODIFICATIONS. 

j. ,!  The  inactive  racemic  bodies  obtained  in  various  ways  (see  § 

.' !'  27  to  33)  may  be  in  part  definite  chemical  compounds  (symbol 

[ '  r)  or  mechanical  mixtures  of  the  active  antipodes  (symbol  dl)  .* 

, !  In  both  cases  they  may  be  split  up  into  the  latter. 

,  As  definitely  characterizing  racemic  compounds  the  follow- 

;(  I  a  I<adeiiburg  Ann  Chem.  (I^iebig),  347,  83 

'|  1  9  Piuttr  Ber,  d.  cheui  Ges  ,  19, 1691;  Gaz?  clum.  ital.,  17, 126,  182, 

,<  '  8  Menozzi  and  Appiani  Ace.  d,  I^iucei,  1893,  II,  421. 

i  *  Pasteur:  Compt  rend  ,  103, 138. 

1    '  6  Following  the  suggestion  of  5.  Fischer-  Ber.  d.  chetn.  Ges.,  a8, 1153. 


ing  relations  may  be  taken  ijjto  consideration,  which  show,-;, 
first,  the  differences  between  them  and  the  active  modifications, 
and  which,  secondly,  permit  in  given  cases  a  determination  of 
the  question  as  to  which  is  present,  a  compound  or  mixture  of 
the  antipodes. 

/.    Crystallized  Racemic  Compounds 

20.  Molecular  "Weight. — It  was  attempted  to  show  by  cryo- 
scopic  methods  that  racemic  bodies  have  twice  the  molecular 
weight  of  the  antipodes,  but  without  success.  It  was  found 
that  equally  strong  solutions  of  active  and  inactive  forms 
always  cause  the  same  depression  of  the  freezing-point,  and 
therefore  that  the  racemic  forms  in  solutions  separate  into  , 
their  components  This  was  observed  first  by  Raoult1  with 
racemic  and  tartanc  acids  (under  5  parts  to  100 of  water),  also 
with  their  sodium-ammonium  salts,  and  later  in  still  other 
cases,  as  with  the  dimethyl  esters  of  diacetyl  racemic  acid, 
diacetyl  tartanc  acid/  isomtrosodipentene  and  isomtroso- 
limonene  dissolved  in  glacial  acetic  acid.3  The  identity  of 
equally  diluted  solutions  of  racemic  acid  with  d-  and  /-tartanc 
acid  was  found  further  in  the  agreement  of  the  specific  gravi- 
ties,4 the  electrical  conductivity,8  and  magnetic  rotation.6 

The  determination  of  vapor-density  proved  of  equally 
little  value  Anschiitz7  found  that  diethyl  racemate  and 
af-tartrate  have  the  same  vapor-density,  and  consequently  that 
the  first  substance,  in  case  it  exists  as  a  racemic  compound  in 
liquid  form,  must  have  broken  down  into  the  two  tartrate 
esters  With  the  solid  dimethyl  racemate,  whose  melting- 
point  (85°)  is  markedly  different  from  that  of  the  tartrate 
ester  (45°),  the  decomposition  appears  to  take  place  at  the 
boiling  temperature  (158°  at  11.5  mm.),  because  this  is  the 
same  for  the  two  bodies 

In  view  of  the  fact  that  the  densities  of  diethyl  racemate 
'and  tartrate  in  liquid  condition  are  the  same,     I.  Traube8 

1-  Raoult  Ztschr  phys  Chem  ,  1, 186 

2  Fulfnch:  See  Anschiitz  Ann  Chem  (I,iebig),  247, 121. 

*  Walladr  Ibid  ,  246,  231. 

*  Perkin  J,  Chem  Soc ,  53,  362,  Marchlewski.  Ber  d  chem  Ges  ,  35, 1556 
»  Ostwald,  Ztschr  phys  Chem ,  3,  371 

*  Perkin  Loc  nt 

"  Anschuts!    Ber  d  chem  Ges  ,  18, 1397 
8  I  Traube :  Ibid ,  39, 1394, 


comes  to  the  conclusion,  aided  by  the  atomic  constants  pro- 
posed by  him,1  that  the  molecules  of  all  three  bodies  are  simple, 
and  therefore,  that  the  liquid  ethyl  racemate  is  a  mixture  of 
the  two  tartrate  esters. 

In  the  same  way,  Traube  draws  the  conclusion  from  the 
densities  of  the  crystalline  racemic  acid  and  tartaric  acid,  that 
both  bodies  have  the  same  molecular  weight,  which  cor- 
responds to  the  formula  (C4H6O6)j.  This  reaction  of  changing 
solid  racemic  acid  or  its  salts  into  the  mixture  of  tartrates 
i^see  §27)  would  not,  therefore,  be  represented  by  d-\-l=  dl, 
but  by  dd  +  //  —  zdl. 

21.  Crystalline  Form  and  Water  of  Crystallization.  —  In  the  union 
of  eiiantiomorphous  antipodes  to  form  a  racemic  compound, 
the  following  cases  may  appear 

i  .  A  body  of  different  composition  may  be  formed  by  the 
loss  or  addition  of  water  of  crystallization.  A  change*  in 
crystalline  form  natuially  results  with  this  * 

For  example 

Ta  italic  and  racemic  acid  Crystalline  form 

Active,  CtH,,O0      ...........     monoclimc-hemimorphous 

Racemic,   Cj.H(,O,,  -f-  H^O  ........  tnclimc-holohedral 

Sodium-ammonium  lartrate  and  racemate  Crystalline  form 

Active,  NaNH4C4H40B  -f  4H20  .....  rhombic-hernihedial 
Racemic,  NaNHjCjHjO,,  -|-  H;0       .....  monoclinic-liolohedral 


2  The  composition  may  remain  unchanged.  Even  then, 
as  observation  has  shown,  the  crystals  of  the  racemic  com- 
pound belong  to  a  crystalline  group  different  from  that  of  the 
active  forms.  For  example 

Sodium  taitrate  and  racemate  Crystalline  foim 

Active,  NajjCjHjOe  f  al-I^O  ......      rhombic-heiniliedral 

Racemic,  NagCtHjOfl  -f-  aHgO  .........  monoclinic-liolohedral 

Carvoiietetrabroiiude  Crystalline  form, 

Active,  C10HwBr4O  ...............  rliombic-lienuhedral 

Racemic,  C^H^Bi^O    ...............  monoclinic-liolohedral. 

It  appears  that  in  some  unusual  cases  the  crystalline  system 
niayiemain  unchanged,  the  group  only  being  altered.  For 
example: 

i  Traube    Ber  d  chem.  Ges  ,  aS,  2724,  2728,  2924,  ap,  1023 

a  These  data  are  from  Rammelsberg's  "  Handbuch  der  kryst  and  phys  Chemie," 
Vol  II  (1882),  and  from  Webisch's  "  Grundrlss  del  phys  Kryst."  (1896) 


Potassium  antimonyl  tartrate  afld  race-mate  Crystalline  form 

Active,  KSbOC4H4O6  +  J  JEJjO rhombic-hemihedral. 

Racemic,  KSbOC4H4Oe  +  J  H20 <  •  •  •  rhombic-holohedral 


While  the  active  antipodes  belong  always  to  one  of 
crystalline  groups  described  in  §  5  the  racemic  forms  ar,e 
always  found  in  one  of  the  21  of  the  32  possible  groups 
in  which  hemihedral  forms  are  excluded.  In  these  differences 
we  have  the  most  decided  characteristics  of  true  racemic  com- 
pounds. 

The  amount  of  water  of  crystallization  in  racemic  forms 
may  be  the  same  or  greater  or  less  than  in  the  active  forms. 
In  these  relations  there  is  no  fixed  rule.  We  have,  for 

illustration 

« 

Racem      Active 

Tartanc  and  racemic  acid,  C4H6O6  +     HaO     — 

Atnmon.  tartrate  and  racemate,  (NH4)a  C4H4O6     +   2H2O     — 

Potass  tartrate  and  racemate,  K.jC4H4O6  +   2H2O  iH2O 

Sodium  tartrate  and  racemate,  Na.2C4H4O8  +   2H2O  2HaO 

Thallium  tartrate  and  racemate,  T12C4H408  f      —     JHaO 

Sod  -atnmon  tartrate  and  racemate,       Na(NH4)C4H4O6    -f     H,0  4H4O 
Potass,  lithium  tartrate  and  racemate,     KIviC4H4Oh  +'    Hp     H2O 

Potass  antimon  tartrate  and  racemate,  KSbOC4H4Ofc         -f    ^H2O   iH2O 
Calcium  mannonate,  Ca(C8HnQ7)2         +       —    aH^O1 

Strontium  glycerate,  Sr(C,H5O4)2  -f    \H2O  sH^O2 

Banum  gl>  cerate,  Ba(CBH,O4)2          t-    J 


22.  Density.  —  The  specific  gravities  of  the  active  isomers  and 
of  the  racemic  form  of  a  number  of  crystalline  bodies  have 
been  determined  by  Liebisch3  and  by  Walden.4  The  observa- 
tions have  shown  that  the  densities  for  the  d-  and  /-modifica- 
tions, which  were  always  found  to  be  the  same,  were  in  most 
instances  smaller  than  that  for  the  corresponding  racemic  form. 
In  some  cases  the  reverse  was  found  to  be  true,  while  perfect 
agreement  may  also  occur  In  the  following  table,  which  pre- 
sents these  three  cases,  the  amount  of  increase  or  decrease  in 
passing  from  the  active  to  the  racemic  form  is  given  The 
observations  by  Walden  give  values  of  rff  : 

i  Fischer  Ber  d  chem  Ges.,  33,  378 

»  Frankland  and  Appleyard  J  Chem  Soc  ,  63,  310     The  In,  Mg,  Ca,  Zn  and  Cd 
salts  of  active  and  racenuc  glycenc  acid  have  the  same  water  of  crystallization. 
»  kiebisch  (see  Wallach)    Ann,  Chem  (I^iebig),  a86,  139 
*  Walden   Ber  d  chern  Ges  ,  ao,  1692 
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Active 
forms 

Ra- 
cemic 
form 

Change 
in  per 
cent 

Ob- 
serve 

1-759 
1-755 
i  595 
t  188 
i  243 

2  134 

i  108 
1.117 
i  134 

2  2428 
I.I28 

I  788 
1.778 
I  601 
1,228 
r  249 
2  225 
i  126 
r  142 
i  180 
22495 
1.131 
_   _  _» 

i  679 
2073 

i  5" 
r  300 

+  17 
+  13 
+  0.4 
+  3-4 
+  0.5 
+  4-3 
+  16 

+  22 

+  4i 

+  03 
+  03 

I/. 
W.  P 
W. 
W. 
W. 
L. 
L 
I*. 
I*. 

Iy 
L 

Carvonc  tstrabrojnidB  from  carvone  * 

1.687 
2093 

1538 
1341 

—  05 

—  1.0 

-18 

—  3  i 

W 

W 
W 
W. 

Carvone  tribroimde  from  liydrocarvone  .  .  .     . 

1958 

1.958 

o 

I, 

In  those  cases  in  which  the  specific  gravity  of  the  racemi< 
bodies  is  greater  or  less  than  those  of  the  components,  it  maj 
be  safely  assumed  that  the  fiist  represent  tme  chemical  com 
pounds.  If  they  were  merely  mechanical  aggregations,  the 
same  behavior  should  be  expected  as  with  isomorphouj 
mixtures,  the  densities  of  which,  as  is  well  known,  an 
additive  properties,  that  is,  as  the  densities  of  the  isomers  an 
the  same,  that  of  the  raceme  body  should  also  be  the  same.  A 
contraction  or  dilatation,  oil  the  contrary,  points  to  chennca 
combination 

23.  Solubility. — As  far  as  observations  have  shown  the  racemic 
compounds,  as  a  rule*  are  less  readily  soluble  than  the  active 
forms.  Numerical  results  have  been  given  for  the  following 
substances: 

i  Peikin    J  Chem  Soc,  51,366 


loo  Parts  of  solvent  dissolve  at  P. 


d 

f 

Active 
forms 

Racemic 
form. 

Qtwervetv         .      * 

Tartanc  acid 
and 
anhydrous  racemic 
acid  in  water. 

0° 
20 

£ 

80 

IOO 

115.0  pts 

1394    " 
1760    " 
2176    " 
273-3    " 
343-5    " 

8.  2  pts. 
17.0 
370 

645 
98  I 
T37.8 

Leidig'C.  r,  95,87 

Glycenc    fMg(C8H6O4)2 
acid  salts     Ca         " 
(anhy-    4  Ba          " 
drous)  m     7-f,          <t 
water        gj 

20 
20 
20 
20 
2O 

43  05  " 
932" 
50.15  " 
39.03  " 
85.00  " 

22  78 

3-87 
443   ' 

Frankland  and  Apple- 
yard.  J.  Chem.  Soc., 
63,  310 

Potassium  methoxy- 
succinate  in  water. 
Calcium  methoxy- 
succinate  in  water. 
Calcium  ethoxysucci- 
nate  in  water 

16 

14 
15 

*  14  A,  1  13  9 
5-41  " 
415  " 

30    " 
046  " 
063" 

Purdie  and  Walker 
J     Chem     Soc  , 
63,  222,  233 

Calcium  gulonate  in 
water 

15 

58    " 

i  6    " 

E    Fischer    Ber.,    25, 
1028 

Calcium  galactonate, 
in  water 

IOO 

50        " 

2  2-2  5" 

E  Fischer  and  Hertz 
Ber  ,  25,  1253 

Leucme  in  water 

— 

244" 

098  " 

Walden   Ber  ,  29,  1702 

Inosite  in  water 

— 

ca   50  " 

456" 

Walden-  Ber  ,  29,  1702. 

Camphoric  acid  in  water 
"              "  alcohol 

20 
15 

6.96'  " 

112  " 

O  2"^Q 

33" 

1  Jungfleisch 
2  Aschan 
From  Beilstem,  Org  Ch. 

Isocamphonc  acid  in 
water 

2O 

o  347  " 

o  203  " 

Aschan-  Stud  Campher- 
gruppe. 

Camphoromc  acid  in 
water 

2O 

:68    " 

372    « 

Aschan:  Ber  ,  28,  16. 

Isopropylphenylglycol- 
ic  acid  in  alcohol 

.3 

474    " 

21  6     " 

Fileti    J.  prakt  Chem., 
[a],  46,  561 

The  lower  solubility  of  the  racemic  compounds  is  shown  in 
many  cases  by  the  formation  of  a  crystalline  precipitate  when 
concentrated  solutions  of  the  active  forms  are  mixed.    This  is 
6 
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true,  for  example,  of  concentrated  aqueous  solutions  of  tartanc 
acids  (Pasteur),1  of  alcoholic  solutions  of  camphoric  acids 
(Chautard)2  and  of  many  derivatives  of  the  limonenes  as  the 
nitrosochlondes,  nitrosates,  hydrochlornitrolbenzylamines, 
hydrochlormtrolanilides,  dissolved  m  alcohol  (Wallach),8  and 
the  or-nitrolpiperidmes  dissolved  in  petroleum  ether  (Wallach) . 
I/ikewise,  from  a  mixture  of  the  methyl  alcohol  solutions  oJ 
d-  and  /-dimethyl  tartrate,  the  less  soluble  racemate  estei 
crystallizes  at  once  (Anschiitz)  5 

This  rule  of  the  lower  solubility  of  the  racemic  compounds 
is,  however,  not  without  exceptions  Thus,  the  two  active 
or-limonenebenzoylmtrosochlorides  are  less  soluble  in  acetic 
ether  than  the  crystalline  dipentene  compound  (Wallach) 
8.64  parts  of  the  active  mandelic  acid,  and  15  97  parts  of  the 
racemic  acid  dissolve  in  100  parts  of  water  at  20* 
(Lewkowitsch)  7  100  parts  of  water  dissolve  only  o  084  par 
of  /-silver  valerate  at  20°,  but  1.181  parts  of  the  racemic  sal 
at  the  same  temperature  (Schutz  and  Marckwald )  s  d-  and  / 
dimethyldiacetyltartrates  are  less  soluble  in  benzene,  than  th< 
diacetylracemate  ester  (Anschutz)  9  d-  and  /-barium  cam 
phoronates  form  difficultly  soluble  precipitates,  while  the  r-sal 
is  easily  soluble  in  water  (Aschan).10  Nearly  complete  agree 
meut  in  solubility  was  found  for  d-  and  r-conine,  100  parts  o 
•water  dissolving  1.80  parts  of  the  first  and  i  93  parts  of  th 
second  at  19  5°  (I^adenburg)  u 

The  solubility  of  the  racemic  compounds  may  be  modifiei 
also  by  the  fact,  that  even  in  a  concentrated  solution  they  ar 
not  in  unchanged  condition,  but  are  partly  d'ssociated  int 
their  antipodes  This  has  been  shown  for  racemic  acid,  a 
mentioned,  and  also  for  its  sodium-ammonium  salt  which,  eve 
in  strong  aqueous  solution,  may  be  completely  split  up  int 
the  two  tartrates  See  §27  .  Temperature  of  Transformatior 

1  Pasteur    Dissymmetric  moleculaire,  1860 
i  Chautard   Compt  rend ,  56,  698 

*  Wallach    Ann  Chem    (I<iebig),  370, 195 

*  Wallach    Ibid ,  352, 125 

&  Anschulz    Ber  d  chem  Ges ,  18, 1398 
6  Wallach    Ann.  Chem  (l/iebig),  370, 177 
i  I,eTvfcowitsch    Ber  d  chem  Ges ,  16, 1566 
8  Schiitz  and  Marckwald    Ibid ,  s9, 58 

*  Anschutz    Ann.  Chem  (I,iebig),  347,  116 

10  Aschan    Ber  d  chem  Ges  ,38,  16 

11  lyadenburg  .  Ibid  ,  38, 165 


24.  llelting-Point.— Thj&deterininattion&of  the 
of  active  and  racemic  forms  of  many  crystallizable  substances 
liave  failed  to  show  any  regularities.  In  some  cases,  tiie 
melting-point  of  the  racemic  compound  is  higher  than  that  of 
the  active  components,  while  in  other  cases  the  reverse  is  true. 
The  melting-points  may  also  be  the  same.  As  may  be  seen 
from  the  table  below,  quite  different  groups  of  bodies  are 
found  in  each  of  the  three  classes : 


Active 
forms 

Ra- 
cemic , 
form 

Diff. 

Observer 

•  A    Melting-point  higher  for  the  racemic  than  for  the  active  form. 

Tartaric  acid,  racemic  acid 
-J-H  O.  .          

170° 

100 

45 
89 

1535 

90 
92' 

1635 
187 

215 

22O 

203 

195 

148 
I87 

1715 
105 

94 

204° 
1305 
85 
108 

1565 

122 
125- 

168  ; 
, 
203 

230 
225 

210 
206 

154 
2O2 

I9°-5 

124 

154 

34° 
305 
40 

19 
3 

33 

45 

16      , 

15 
5 

8 
II 

6 
15 
19 

*9 

60 

Walden  :  Ben,  ag,  1701. 
Walden    Ber  ,  29,  1698. 
Anschiitz    Ber  ,  18,  1307. 
Purdie  and  Marshall  •  Ch. 
Soc  63,  217 
Filetti     Gazz.  ch  ,  22,  II, 
395 
'Schnelle   and    T.      L. 
Ann,  27  1,  83   8Fiscber. 
Ber  ,  25,  1247 
E  Fischer    Ber  ,  23,  370, 

383 
Smith    L  Ann  ,  272,  189. 

E  Fischer    Ber.,  23,  378. 

Smith    L  Ann.,  272,  185, 
1  86 

Smith  •  L  Ann.,  272,  187, 
iSS. 
E  Fischer   Ber.,  25,  1256. 

E.  Fischer  :  Ber.,  25,  1029. 
Walden  :  Ber.,  ag,  1700. 
Walden  :  Ber.,  29,  1701. 
Wallach  :  Ber  ,  24,  1559. 

Wallach  :  Ber.,  24,  1539. 

Dimethyl  tart  and  racem  •  • 
Methoxysuccinic  acid  .  • 
Isopropylphenylglycolic 

Galactonic  acid,  lactone  < 

Mannoheptitol  •     ••     • 
Mannomc  acid,   phenylhy- 

Mannoheptomc  acid,  phen- 

Mannoheptosephenylosa- 

Galactosephenylosazone  •  •  • 
Gulomc  acid,  phenylhydra- 

I/imonenetetrabromide.  -  ... 
I^imonene-o-nitrolpiperi- 
dide  

84 
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Active 
forms 

Ra- 
cemic 
form 

Diff 

Observer 

I,unonene-/3-nitrolpipen- 

1110° 

152° 

42° 

Wallach    Ber.,  24,  1559 

Iyimonene-tt-mtrolatiiHde  •  • 
Lfimonenecarvoxime  

H3 
72 

126 
93 

^3 
21 

Wallacli  .  Ber  ,  24i  1559 
Wallach    Ber.,  24,  1559 

Limonenehydrochlornitrol- 

117.5 

140 

22  5 

Wallach     l<    Ann  ,   270, 

194. 

Limonene-a-mtroTbenzyl- 

Q2."; 

109.5 

17 

Wallach  .  L.   Ann.,   270, 

7     *  v 

192 

Limonenehydrochlormtrol- 
benzylamine  

035 

150 

465 

» 
Wallach  .  I<     Ann  ,  270, 

192. 

Fenchone-/3-isoxime  

137 

160  5 

23-5 

Wallach  :  L    Ann  ,   272, 

108 

Fenchylphenylsulfourea.  . 

152.5 

1695 

I? 

Wallach  •  L.    Ann  ,   272, 

108 

P-Carvonepentabromide    . 

865 

97 

I°5 

Wallach     L    Ann  ,  286, 

123 

Caronesemicarbazide  .... 

168 

178 

IO 

Baeyer    Ber  ,  28,  640 

a-Pipecohnehydrochloride  . 

190 
116  5 

205 
1275 

IS 
ii 

Marckwald  .  Ber  ,  29,  46 
Marckwald  :  Ber  ,  29,  46. 

B    Melting-point  of  the  racemic  lower  than  for  the  active  forms. 


176° 

o 

22  5° 

Walden  •  Ber  ,  29  1699 

Bromsuccimc  acid      

A  /U 

172 

r6o  5 

II  5 

Walden  Ber.,  29,  1699 

Glutamimc  acid  

2O2 

198 

4 

Walden  Ber  ,  29,  1700 

Mannoheptomc  acid, 

, 

*r" 

O- 

67 

Fischer  and  Smith  •  L. 

/I54 

v 

w/ 

V. 

"            O~ 

Ann  ,  272,  182 

Glucosediphenylhydra- 

zone           

162.5 

132.5 

30 

Fischer1  Ber.,  23,  2620. 

Mannoheptose-phenyl- 

-._£ 

hydrazone  -1 

I9D- 

175-5 

23 

Fischer.  Ber.,   23,  2226; 

l 

2OO 

Iv.  Ann  ,  272,  182. 

Mannitoltnbenzacetal  .  • 

207 

191 

16 

Fischer:  Ber.,  27,  1324. 

Mandelic  acid      

1328 

118 

148 

Ivewkowitsch:  Ber.,  16, 

1566. 

Limonene-/3-mtrolanilide  •  . 

153 

149 

4 

Wallach.  Ber.,  24,  1559, 

"  -hydrochlorcarvoxime 

135 

125 

10 

Wallach;  Ber.,  24,  1559, 

"  a-benzoylnitrosochlo- 

ride  .... 

1095 

90 

195 

"    I,.  Ann,,  270,  171 

« 

Active 
forms 

Ra- 
eennc 
form. 

Diff. 

Observer 

40° 

740 

6° 

'Walla.oh'L  Ann  272  108 

160  s 

T  CO 

T    C 

"     Iv  Ann   272  1  08. 

ITA  5 

08    5 

A   0 

16 

"     I^  Ann    272  108 

Oxybenzylidene-fen- 

QC 

64.    5 

no  ? 

"     it  Ann    272.  1  08. 

/3-Carvonetetrabromide  .  .  . 
a-Carvonepentabromide.  •  . 
Carvonesemicarbazide  .... 
a-Pipecolme  salts, 
C6H13N  HAuCl^  

121 

142.5 
1625 

TIT    C 

108 
125 
X53 

118  * 

13 
17.5 

75 

Tl 

"     I/  Ann.,  286,  121. 
11     I/.  Ann.,  286,  122. 
v.  Baeyer:  Ber.,  28,  640. 

Marckwald    B@r.   29,  46 

(C8H18N)1HaRCla... 
(C6H18NHI)CdCl2... 

194 
147 

1  86 
X3* 

8 
16 

Marckwald.  Ber  ,  29,  46. 
Marckwald    Ber  ,  29,  46. 

C  Melting-points  of  the  active  and  racetmc  forms  the  same. 


Galactomc  acid  phenylhy- 

200^—205° 

Gulonic  acid,   phenylhy- 
drazide  

Phenylgulosazone       ••  • 
Ivimonene-a-nitrosochlo- 
nde                    •  •     • 

""-Monobromcamphor 

147-149 
157-159 

103-104 
92  4-92  7 

Fischer    Ber  ,  27,  3225 
Fischer  Ber  ,  25,  1030 

Wallach     L/     Ann  ,  252, 
in,  125 
Kipping     and   Pope    J 
Chem  Soc  ,  67,  372 

In  the  cases  of  those  racemic  bodies  whose  melting-points  are 
found  to  be  lower  than  those  of  the  components  there  is  the 
possibility  that  they  are  not  compounds  but  mixtures,  as  this 
relation  is  characteristic  of  mixtures  In  fact  this  has  been 
improved  in  the  case  of  gulonic  acid  lactone.  A  mixture  of 
wequal  parts  of  the  antipodes  gave  on  evaporation  of  the  aque- 
ous solution  at  first  an  inactive  crystal  mass,  the  melting-point 
of  which  (160°)  was  much  lower  than  that  of  the  active 
forms  ( 181° )  But  it  was  recognized  that  this  could  not  be  a 
racemic  compound  because  by  repeated  fractional  crystallization 
it  could  be  split  up  into  antipodes  '  Possibly  the  same  condi- 
tions will  be  disclosed  by  fuller  investigations  of  other  sub- 
stances in  group  B.  See  §  32. 

i  Fischer  and  Staliel   Ber  d  chem.  Ges ,  24,  534,  Fischer  and  Curtiss  Ber  d  chenu 
Ges  ,  25, 1025  •• 
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In  those  cases  m  winch  racemic  bodies  have  about  the  sam 
melting-point  as  have  the  components,  it  is  also  probable  tha 
they  are  merely  physical  mixtures  The  conditions  the 
resemble  those  which  Krister1  found  in  isomorphous  mixture 
where  the  melting-points  lie  between  those  of  the  constituents 

Then  again,  a  change  in  the  melting-point  has  been  foun 
in  certain  substances.  Wallach  observed2  that  the  melting 
point  of  racemic  /?-carvonepentabronnde,  which  was  abot 
96°-98°  at  the  start,  and  quite  different  from  that  of  th 
components  (86°-87°),  becomes  lower  by  repeated  crysta 
lization  of  the  preparation.  It  appears  here  that  a  parti* 
decomposition  of  the  racemic  compound  must  have  taken  plac< 

Walden  has  called  attention  to  the  parallelism  betwee 
specific  gravity  and  melting-point  of  the  optical  modifications 

A  consideration  of  the  above  tables  shows  in  fact,  that  wit 
those  bodies  m  which  the  specific  gravity  of  the  racemic  fon 
is  greater  than  that  of  the  active  components,  the  same  relatio 
holds  for  the  melting-points,  and  vice  versa, 

2.  Liqitid  Racemic  Compounds 

25.  On  mixing  equal  amounts  of  the  antipodes  of  liqui 
substances  it  may  happen  that  immediate  solidification  to 
crystalline  mass  takes  place,  which  is  inactive  in  solution  ;  ] 
such  case  a  true  racemic  compound  certainly  is  formed.  Th 
occurs,  for  example,  by  pouring  together  of  d-  and  /-caron 
oxime  (v.  Baeyer).4 

If,  on  the  other  hand,  the  inactive  mixture  remains  liqui< 
it  is  uncertain  whether  it  should  be  considered  as  a  racem 
compound.  There  is  evidently  no  ground  for  this,  if  it  1 
found  that  the  physical  properties  of  the  mixture  are  tl 
same  as  those  of  the  components.  This  has  been  observe 
for  example,  with  limonene,  also  with  carvone,  in  respect 
specific  gravity  and  boiling-point  (Wallach),6  conme,  wil 
respect  to  specific  gravity,  boiling-point  and  solubility  (I^ade 
burg),6  further  with  the  esters  of  /-  and  inactive  glyceric  ac 

1  Kustet .  Ztschr,  phys  Chetu.,  5,  601 ,  8,  577 

a  Wallach    Ann.  Chem.  (I^iebig),  286,  138 

8  Walden :  Ber  d  chem  Ges,,  39,  1704. 

*  v.  Baeyer .  Ibid,,  a8,  640. 

B  Wallach    Ann.  Chem.  (I/iebig),  a86,  138 

«  I^adenburg  •  Ibid ,  347,  81 ;  Ber  d.  chem  Ges.,  a8,  163. 
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and  diacetylglyceric  acid  Frankland  and  (MacGregor).1  Tfre 
agreement  in  the  specific  gravities  of  liquid  inactive  and  active 
isomers,  leads  to  the  conclusion  that  the  inactive  forms  must, 
be  considered  as  mechanical  mixtures,  as  I .  Traube  has  shown  by 
the  aid  of  his  atomic  constants  and  molecular  covolume  data.3  • 

Such  inactive  mixtures  may  differ  in  chemical  behavior, 
from  their  components,  d-  and  also  /-limonene  are  trans- 
formed by  bromination  into  rhombic-hemihedral  crystals  of 
the  tetrabromide,  melting  at  104° ,  while  the  mixture  of  the 
two  isomers  (dipentene)  furnishes  rhombic  crystals  melting  at 
124°,  which  are  less  soluble  in  ether  than  the  first,  and  which 
form  a  racemic  compound  (dipentene  tetrabromide)  (Wallach).8 
The  racemization  probably  begins  here,  however,  with  the  for- 
mation of  the  crystalline  compound,  and  the  behavior  noted 
gives  no  proof  therefore  that  the  dipentene  is  already  a  real 
combination  of  the  antipodes 

Elevation  of  the  boiling-point  could  be  taken  as  an  indication 
of  raceme  formation,  but  this  has  not  yet  been  observed  in 
a  single  case  with  certainty,  experiment  showing  always 
practical  agreement  in  this  factor  Besides,  even  with  true 
racemic  compounds,  the  possibility  is  present  of  finding  not 
their  own  boiling-point,  but  that  of  the  components,  because 
at  the  high  temperature  necessary,  dissociation  into  the  last 
may  take  place 

The  temperature  changes  observed  on  mixing  active  isomers 
have  been  employed  to  decide  the  question  under  discussion. 
In  this  regard,  the  following  facts  are  to  be  considered  • 

If  the  two  antipodes  unite  to  form  a  real  racemic  compound, 
which  immediately  separates  m  crystalline  form,  the  increase 
of  temperature  observed  is  due  partly  to  the  heat  of  formation 
and  partly  to  change  in  the  state  of  aggregation.  This  is,  for 
example,  the  case  when  concentrated  solutions  of  d-  and  l- 
tartaric  acid  (Pasteur),  or  d-  and  /-limonenetetrabromide  in 
ether,  are  mixed  *  With  the  tartaric  acid  there  is  also  the  f 
heat  of  hydration,  in  consequence  of  forming  racemic  acid, 
CAO.  +  H.O. 

i  Frankland  and  MacGregor  •  J  Chera  Soc ,  63,  511 
s  I  Trautoe    Ber  d  chem   Ges.,  39, 1394 
«  Wallach    Ann  Chem.  (I/iebig),  386, 138. 
*  I^adenburg  Ber  d  chem  Ges.,  38, 1994 
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If  the  two  antipodes  are  themselves  liquid  substances,  and 
if  no  solid  racemic  body  separates  on  mixing  them,  then  a 
change  of  temperature  may  be  due  :  first,  to  the  heat  of  solu- 
tion or  dilution,  or,  secondly,  to  the  possible  formation  of  a 
liquid  racemic  compound 

Regarding  the  heat  of  solution  observed  on  pouring  together 
two  miscible  liquids,  this  may  be  shown  according  to  the 
nature  of  the  substances,  and  the  proportions  even,  in  a 
decrease  of  temperature  as  well  as  by  an  increase  As 
investigations  of  Bussy  and  Buignet,1  and  also  of  Favre/  have 
disclosed,  the  heat  effect  bears  no  definite  relation  to  change 
of  density  which  takes  place  Thus,  alcohol  and  ether  mixed 
with  contraction,  carbon  disulphide  and  chloroform  with  expan- 
sion, but  in  both  cases  there  is  a  decrease  m  temperature  If 
alcohol  and  chloroform  be  mixed  in  different  proportions,  there 
is  always  contraction,  but  in  spite  of  this,  reversed  temperature 
changes  may  be  found,  as  shown  by  the  following  example 

Mixing  proportions  Temp  change 

6   mols  chloroform  -|-  i  mol  alcohol  —  25° 

i^  mols  chloroform  4-  i  mol  alcohol  o  o 

i    mol     chlorofoim  4-  6  mols  alcohol  442° 

s       In  general,   as   late  investigations  of  Ladenburg1  have  also 
shown,  large  changes  in  volume  seem  to  correspond  to  large 
temperature  changes      If  the  contraction  or  dilatation  is  very 
small,  that  is,  if  the  specific  gravity  of  the  mixture  is  very 
nearly  that   of    the  mean  calculated  from    the  mixing  pro- 
portions, a  very  small  temperature  change  is  in  general  noted 
as  in  the  case  of   methyl  and  ethyl  alcohol,   isobutyl  and  iso 
amyl  formate,   xylene  and  toluene,   and  so  on  (Laclenburg) 
But,  on  the  other  hand,  large  temperature  changes  have  beei 
observed ,  thus,    on  mixing  two  volumes  of  ether  with  thre< 
volumes  of  carbon  disulphide  there  is  no  change  of  volume 
but  notwithstanding  this,  there  is  a  fall  of  temperature  of  3  6 
(Bussy  and  Buignet),  and  this  is  the  case  with  some  ver 
similar  liquids,  such  as  d-  and  /-conine,  with  which  kadenburg 

*  Bussy  and  Buignet    Jahresbericht,  1864,  62  to  69     Ann  clura  phys  ,  [4],  4,  5 
J  Favre   Jahresbericht,  1864,  66     Compt.  rend.,  59,  783. 

»  I,adenburg    Ber.  d  chem  Ges  ,  28,  1991 

*  I,adenburg    fbi'd.,  a8, 164 
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found  a  fall  of  temperature  "of  t  4^;*  Bat  4-  and  /-limonene 
mix  without  appreciable  change  of  temperature.1 

As  the  above  relations  show,  the  temperature  changes 
accompanying  mixing  or  solution  are  of  such  different  kinds, 
that  the  heat  effects  in  consequence  of  a  real  combination  of 
the  antipodes  may  be  quite  uncertain.  Therefore,  neither  an 
increase  nor  decrease  of  temperature  which  may  be  observed  on 
mixing  two  active  isomers,  may  be  taken  as  definitely 
indicating  the  existence  of  raceinization 

Finally,  it  may  be  remarked,  that  it  has  been  found 
impossible  through  cryoscopic  measurements  also  to  prove 
racemization  in  liquid  inactive  bodies  Thus,  Frankland  and 
Pickard2  found  the  simple  molecular  weight  for  the  inactive 
methyldibenzyl  ester  of  glycenc  acid  dissolved  in  acetic  acid, 
benzene,  nitrobenzene  or  ethyl  bromide 


26.  The  following  may  be  given  as  the  principal  results  of 
all  of  the  above  comparisons  of  the  properties  of  racemic  com- 
pounds with  those  of  the  active  modifications 

t .  True  racemic  compounds  are  found  onh  among  crv  -stal- 
lizable  substances  They  have  always  a  different  cr\stalhne 
form,  and  often  an  amount  of  water  of  crystallization  different 
from  that  of  the  active  isomers  Further,  the>  *ho\v.  as  a 
rule,  deviations  m  respect  to  specific  gravit} ,  melting-point 
and  solubility,  but  often  in  different  directions 

2.  Inactive    crystalline   masses  may   be  sometimes,  simple 
aggregations  or    growths  of    mixed    enantiomorphic  active 
crystals 

3.  The  existence  of  liquid  racemic  compounds  is  improbable, 
and  up  to  the  present  time  has  not  been  shown. 

The  question  as  to  whether  an  inactive  body  is  a  racemic 
compound  or  racemic  mixture  is  besides,  in  many  cases,  only 
of  secondary  importance  Both  forms  may  be  split  up  into 
opibical  antipodes  in  the  same  way,  and  in  this  we  have  all 
that  is  really  important  in  the  respective  substances,  that  is, 
their  distinction  from  inactive  configuration  isomers. 

i  I^adenburg    Ber  d  cbem.  Ges  ,  »8,  1994 

a  Frankland  and  Pickard-  J  Cbem.Soc.,  69,  iai. 
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C.  Formation  of  Racemic  Bodies 

Racemic  bodies  may  be  produced  in  the  following  ways  : 
i    By  direct  combination  of  the  active  antipodes. 

2.  From  one  of  the  active  forms  by  action  of  higher  tem- 
perature 

3.  By  the  chemical  transformation  of  asymmetric  bodies 
into  asymmetric  derivatives. 

4.  By  the   conversion    of  inactive   symmetric  bodies  into 
asymmetric  compounds. 

27.  Production  of  Racemic  Bodies  by  Combination  of  Equal 
Amounts  of  the  Antipodes.  Temperature  of  Transition. — Certain 
phenomena  may  appear  here  which  belong  in  the  class  of 
chemical  equilibrium  reactions,  the  important  characteristic  of 
which  is,  that  for  them  a  definite  temperature  exists  which, 
if  passed  in  the  one  direction  or  in  the  other,  leads  to  the 
transition  of  one  system  of  bodies  into  another  or  the  reversion 
of  the  latter  into  the  former  Thus,  the  breaking  up  of  a 
racemic  body  into  its  antipodes  is  possible,  or,  on  the  other 
hand,  the  reproduction  of  the  racemic  from  the  antipodes 
The  transition  temperature  has  been  determined  in  but  two 
cases  • 

First  with  sodium  ammonium  racemate  and  the  two  cor- 
responding tartrates  When  Pasteur  permitted  a  solution  of 
racemic  acid  which  was  saturated,  half  with  soda  and  half  with 
ammonia,  to  evaporate  spontaneously,  he  obtained  separate 
crystals  of  the  d  and  /  double  tartrate  salt.  But  on  repeating-  the 
experiment,  it  did  not  always  succeed ;  thus,  Staedel1  observed 
.only  the  formation  of  the  racemate  Scacchi2  first  noticed 
that  the  kind  of  crystal  which  separates  depends  on  the  tem- 
perature at  which  the  evaporation  takes  place,  and  Wyrouboff8 
then  determined  28°  as  about  the  limiting  temperature  above 
which  racemate,  and  below  which,  on  the  contrary,  the 
tartrates,  crystallize  out.  A  complete  explanation  of  the 
phenomenon  was  first  given  by  van' t  Hoff  and  Deventer,4  when 

1  Staedel    Ber  d  chem  Ges ,  II,  1752  (1878) 
3  Scacchi  Rendiconti  dell  Accad  di  Napoh,  1865,  250 
«  Wyrouboff    Bull  Soc  Chim ,  45,  52  (1886) ;  Compt  rend  ,  ioa,  627 
*  Van'tftoff  and  Deventer    Ber  d  chera  Ges ,  19, 2148  (1886);  Ztschr  phys  Chem  , 
1 1  165 
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they  showed  that  wg  have,  to  '4$til  with.  >  a  process  here  which 
can  also  take  place  outside  of  solution.  If  a  finely  powdered 
mixture  of  equal  parts  of  right  and  left  sodium  ammonium^ 
tartrate,  NaNH4C4H4O6  +  4R9O,  be  sealed  in  a  tube  and 
exposed  to  a  temperature  which  is  kept  below  27  °,  it  remains 
quite  unchanged  ;  but  above  27°  the  formation  of  crystals  of 
the  racemate,  NaNH4C4H4O6  +  H2O,  sets  in,  water  being 
liberated  at  the  same  time  which  partially  liquefies  the  mass. 
On  the  other  hand,  if  powdered  sodium  ammonium  racemate 
be  mixed  with  water  below  27°  in  the  proportion  of 
2(NaNH4C4H4O6  +  H2O)  6H2O,  the  semi-fluid  mass  which 
forms  at  first,  solidifies  after  a  time  to  a  dry  mixture  of  the 
two  tartanc  acid  salts.  Above  27°  this  does  not  happen.  The 
two  reactions  may  be  expressed  by  the  following  equations  in 
which  T=  C4H4O6 : 

Stable  below  27°  Stable  above  27° 

d  NaNH4  T  +  4H2O  \      _      I  r  [NaNH4  T  -p  H,O], 
/  NaNH4r  +  4H2O  »  I  6H2O 

The  change  of  one  salt  into  the  other  may  be  recognized  by 
aid  of  a  dilatometer,  which  is  filled  partly  with  a  mixture  of 
the  two  tartrates  and  partly  with  oil,  the  slow  formation  of 
the  racemate  between  26  7°  and  27  7°  is  accompanied  by  a 
marked  increase  in  volume 

Further  investigations  of  van't  Hoff,  Goldschmidt  and 
Jorissen1  showed  that  the  sodium  ammonium  racemate 
(NaNH4C4H4O6  +  H,O),  when  heated  to  about  35°,  under- 
goes a  further  change  as  it  breaks  up  into  sodium  racemate 
and  ammonium  racemate,  according  to  the  equation 

2[NaNH4r  H20]2  =  [Na^L  +  [(NH^rj*  +  4H2O. 

Sodium  ammonium  racemate  can  exist  in  solution,  therefore, 
only  within  the  narrow  temperature  limits  of  27°  to  35° 

Again,  it  can  happen  that  the  separation  of  the  double 
racemate  may  fail  when  a  mixture  of  d-  and  /-sodium  ammo- 
nium tartrates  is  exposed  to  a  temperature  higher  than  27  °, 
for  example,  to  30° ,  and  instead  a  separation  of  crystals  follows, 
consisting  of  a  mixture  of  sodium  racemate  and  ammonium 
racemate  as  in  the  last  case.  This  is  especially  true  when 

i  van't  Hoff,  Goldsehnudt  and  Jonssea.  Ztschr.  pliys,  Ckem.,  17,  49* 
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crystals  of  the  last  named  salts  are  added  to  the  solution. 
The  change  may  be  represented  in  this  way: 


The  methods  by  which  the  transition  temperatures  of  30° 
and  35°  were  established  consisted  m  tensimetric  observations 
and  determinations  of  solubility 

Analogous  relations,  according  to  experiments  of  van't 
Hoff,  Goldschmidt  and  Jonssen,1  have  been  found  to  exist  in 
the  case  of  the  potassium  sodium  racemate  [KNaC4H4Oe  + 
3H2O]2J  described  by  Wyrouboff,2  and  d-  and  /-Rochelle  salt, 
KNaC4H406  +  4H20.  A  solution  formed  from  the  racemate 
or  from  the  two  tartrates  is  found  in  the  following  conditions 
according  to  the  temperature 

i.  Below  about  —6nd-  and  /-potassium  sodium  tartrate  exist 
in  solution  together 

2  From  about  —6°  on  the  combination  to  potassium  sodium 
racemate  begins,  and  especially  on  an  addition  of  small  crystals 
of  this  salt 

d  KNa  T  +  4H,O  \     _     f  [KNa  T  + 


3.  The  double  racemate  exists  up  to  the  temperature  of  41°, 
from  that  point  it  decomposes  into  the  sodium  racemate,  [Na,  T  ]  „ 
and  potassium  racemate,,   [K2T  +  2H2O]Z  according  to  the 
equation 

2[KNa7-+  3H,0]2  =  [Na,^  +  [K2T  +  2H2O],  +  8H2O 

4.  If  the  formation  of  the  potassium  sodium  racemate  from 
the  two  tartrates  fails,  which  may  happen  by  excluding  every 
trace  of  the  first  named  salt,  a  conversion  of  the  tartrates  into 
potassium  racemate  and  sodium  racemate  is  possible.     This 
takes  place  at  a  temperature  of  33  °- 

d  2(KNar  +  4H20)  1  f 

/  2(KNar+  4H30)  /     =     1 

\ 

Therefore  under  varying  conditions  very  different  salts  may 
crystallize  from  the  solution. 

i  van't  Hoff,  Goldschtnidt  and  Jonssen   Ztschr  phys  Chem    17,505 
s  Wyrouboff  Ann  chim  phys  [6],  p,  224. 
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Exact  knowledge  of  tra^sltdon4emi>adatijres  extends  only  to 
the  two  salts  just  described.          " 

With  a  number  of  substances  it  has  been  observed  that  when 
mixed  solutions  of  their  antipodes  are  allowed  "to  evaporate  * 
under  ordinary  conditions  of  temperature  active  crystals  only,, 
never  racemic,  are  formed.  Thus,  Piutti1  did  not  succeed  m 
uniting  d-  and  /-asparagme  to  form  a  racemic  compound,  while 
it  was  possible  with  d-  and  /-aspartic  acid.  As  already 
remarked,  according  to  Fisher  and  Curtiss,*  the  lactone  of  d- 
and  /-gulomc  .acid  separates  in  independent  enantiomorphous 
crystals,  while,  on  the  other  hand,  a  racemic  calcium  salt  and 
phenylhydrazide  may  be  obtained.  It  has  likewise  been  found 
impossible  to  obtain  by  crystallization  racemic  forms  of  several 
other  bodies,  as  the  zinc  ammonium  salt  of  active  lactic  acid, 
glutammic  acid,  glutammic  acid  hydrochlonde,  homo-aspartic 
acid  and  camphoric  acid  In  all  of  these  cases  it  cannot  be 
assumed  that  the  antipodes  do  not  possess  the  property  of 
uniting  to  form  a  racemic  body,  knowledge  of  the  transition 
temperatures  simply  is  lacking 

28.  Production  of  Racemic  Bodies  from  One  of  the  Active  Forms 
by  Heat. — By  long  application  of  heat,  many  active  substances 
suffer  a  gradual  decrease  in  their  rotating  power,  \\ithout  • 
undergoing  a  change  in  composition  It  wab  at  first  supposed 
that  a  destruction  of  the  active  property  took  place,  but  the 
phenomenon  was  later  recognized  as  one  of  racemization.  In  * 
consequence  of  the  enlarged  atomic  motion  by  increase  of 
temperature,  a  conversion  into  molecules  of  the  opposite  modi- 
fications follows  until  finally  a  condition  of  equilibrium  is 
established,  in  which  just  as  many  molecules  of  the  d-form 
are  changed  into  the  /-form  as  mce  versa,  that  is,  in  which  the 
mixture  consists  of  equal  amounts  of  the  two  antipodes.  Van '  t 
HofE3  has  treated  the  question  from  the  standpoint  of  thermo- 
dynamics. 

The  phenomenon  was  first  observed  by  Pasteur*  in  the  case 
of  tartaric  acid,  when  he  heated  dT-cinchonine  tartrate  five  or 

i  Prutti   Ber  d  chem  Ges ,  19,  1694. 

3  Fischer  and  Curtaas    Ber  d  chem.  Ges.,  »5»  1025. 

»  van 't  Hoff   I^agerung  der  Atome  im  Ranm,  and  wL,  p  33. 

*  Pasteur    Compt  rend.,  37,  162  (1853) 
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six  hours  to  a  temperature  of  165°  to  175°  in  an  oil-bath  The 
alkaloid  was,  changed  first,  "being  converted  mainly  into  cin- 
chonicine,  and  then  the  production  of  racemic  acid  gradually 
followed,  which  was  recovered  by  conversion  into  the  calcium 
salt.  /-Cmchonine  tartrate  behaves  in  a  similar  manner  The 
alkaloid  takes  no  part  in  the  reaction,  it  only  protects  the 
tartanc  acid  from  destruction  by  the  heat.  The  formation  of 
racemic  acid  follows  also  when  dry  tartaric  acid  is  heated  to 
170°  to  1 80°,  and  likewise,  by  boiling  its  aqueous  or  weak 
hydrochloric  acid  solution  several  days,  which,  however, 
brings  about  a  conversion  of  only  a  few  per  cent.1  Racemiza- 
tion  follows  almost  completely  on  heating-  30  grams  of  tartaric 
acid  with  3  or  4  cubic  centimeters  of  water  for  thirty  hours  to 
175°  (Jungfleisch)  2  Further,  tartaric  acid,  in  the  form  of  its 
ethyl  ester,  is  very  easily  changed  by  boiling  into  racemic  acid 
(Pasteur).3  The  addition  of  several  bodies  aids  the  change  ; 
when  tartanc  acid  is  mixed  with  some  aluminum  tartrate  and 
heated  m  an  autoclave  to  140°  a  conversion  into  racemic  acid 
follows  quickly,  but  some  mesotartanc  acid  is  produced  at  the 
same  time  (Jungfleisch)  4 

Racemization  by  high  and  long  heating  in  closed  tubes  has 
been  observed  in  other  substances,  as 
l-Aspartic  Acid. — The   transition    takes  place  easily  when 

an  aqueous  solution  of  the  hydrochloric  acid  compound  is 

heated  some  hours  to  170°  or  180°  (Michael  and  Wing)/1 
d-  and  l-Mandehc  Aad — Small  amounts  (3  or  4  grams)  of 

the  dry  substance,  thirty  hours  to  160°  (I/ewkowitsch).'5 
d-   and  l-Isopropylphenylglycolic   Aad. — Heating    for  forty 

hours  with  water  to  180°  or  200°  (Fileti).7 
d-Camphoric  Aad. — Heating  with  a  little  water  to  170°  or 

180°  (Jungfleisch,8  Friedel)  9 
•    The  active   terpenes   suffer  a  decrease    in  rotation  when 

1  Dessaignes    Jahresbencht,  (1856),  463  ,  (1863),  301 

*  Jungfleisch    Compt  rend ,  75,  439, 1739 
s  Pasteur   Loc  at 

*  Jungfleisch    Compt  rend ,  85,  805 

6  Michael  and  "Wing    Ber  d  cheni.  Ges,  17,  2984 

«  I/ewkowitsch    Ibid ,  16,  2721 

i  Filed    Gazz  chim  ital ,  33,  II,  395, 

8  Jungfleisch    Jahresbencht,  (1873),  631 

9  Friedel    Compt  rend ,  108,  978 
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heated  to  about  250°  to  390^,'  to*  tf*Qw  at  {fa!  same  time  an 
elevation  in  the  boiling-point  and  specific  gravity,  from  which 
it  follows  that  polymerization  as  well  as  racemizatian  has 
taken  place,  d-  as  well  as  Alimonene  and  piBene  are  converted 
into  dipentene,  partly  also  into  terpinene  (  Wallach). 

The  temperature  of  racemization  is  not  in  all  cases  as  high 
as  for  the  bodies  given  above  As  Wallach1  found,  d-  and 
/-hmonene  hydrochlonde  have  the  property  of  changing 
gradually  even  at  the  ordinary  temperature.  A  preparation 
which  was  examined  when  produced,  and  after  having  been 
kept  several  weeks  showed  a  decrease  in  rotation  from  \ot\0 
==  H-  39-5°  to  6.  2°,  which,  as  could  be  demonstrated,  was  doe 
to  the  conversion  into  the  dipentene  compound.  Besides,  the 
boiling-point  of  the  substance,  which  was  originally  97  5°, 
increased  to  about  170°  (under  n  mm.),  which  indicated 
polymerization  at  the  same  time 

In  some  cases  it  has  been  observed  that  racemization  is 
hastened  by  addition  of  certain  substances  and  is  completed  at 
a  much  lower  temperature  As  already  mentioned  tartanc 
acid  in  presence  of  aluminum  tartrate  is  easily  converted  into 
racemic  acid  Active  amyl  alcohol  when  heated  alone  must  be 
maintained  a  long  time  at  250°  to  300°  to  lo>e  its  rotating 
power,  but  on  treatment  with  sodium  or  with  caustic  potash 
the  change  is  much  more  rapid,  from  the  inactive  product 
obtained  dextroamyl  alcohol  could  be  separated  by  aid  of 
fungi  (lye  Bel)  i  On  repeating  this  experiment  Borucki'  found 
that  when  amyl  alcohol  was  heated  with  potash  in  an  auto- 
clave during  ten  hours  to  160°  the  angle  of  rotation,  a?  for  i 
dm  ,  decreased  from  i  01°  to  o  10°,  and  that  by  heating  under 
ordinary  pressure  with  renewed  alkali,  complete  inactivity 
resulted  only  after  465  hours  According  to  Walden4  almost 
perfect  inactivity  may  be  reached  much  more  rapidly  by  dis- 
solving one-tenth  its  weight  of  sodium  in  the  amyl  alcohol  and 
heating  then  3^  hours  to  200°  or  220°  in  an  autoclave.  Erlen- 
meyer  and  Hell*  have  observed  that  by  treating  rf-valeric  acid 

i  Wallacli    Ann  Chem  (ttebig),  370,  19° 

a  1^  Bel   Bull  Soc.  Chun  ,  [2],  as,  545- 

»  Borucki   Inaug.  Dlss  ,  Berlin,  1866,  CentrtoL,  1887,  p.  58* 

*  Walden:  Ztschr.  phys.  Chenu,  17,  7« 

»  Brlenmeyer  and  Hell.  Ann  Ctoem.  (iUefetg),  160,  300- 
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from  fermentation  amyl  alcohol  with  a  few  drops  of  stror 
sulphuric  acid  and  heating  then  •£  hour  in  a  sealed  tube 
250°  complete  inactivity  resulted     Whether  this  was  due 
racemic  formation  or  not  was  not  established.     Active  leucii 
which  is  not  changed  by  heating  with  water  to  170°-!  80° 
converted  by  addition  of  baryta  water  at  I5o°-i6o°  into  the 
compound   (Schulze  and    Bosshard)  x    The   racemization  * 
terpenes  is  hastened  by  addition  of  sulphuric  acid,  either  co- 
centrated  or  diluted  with  alcohol  (Wallach).2 

29.    Racemization  by    Conversion  of   Asymmetric    Bodies    in 

Asymmetric  Derivatives. — If  an  active  molecule  retains  its  coi 

!  stitution  in  a  chemical  change,  that  is,  for  example,  if  a  chanj 

i          (  of  an  acid  into  ester,  salt  or  amide,  or  of  an  alkaloid  into 

j         "*  combination  with  an  acid  is  concerned,  the  activity  is  alw.v 

retained     This  is  the  case  also  with  simple  transitions,  as  • 

i  active  amyl  alcohol  into  valeric  acid,  camphor  into  cainphoi 

j  acid,  asparagme  into  aspartic  acid  and  maleic  acid,  amygdal 

into  amygdalic  or  mandelic  acid,  etc. 

But  under  certain  conditions  the  product  may  be  inactiv 
1  This  is  particularly  the  case  in   the  production  of  derivatiV' 

in  which  the  atoms  directly  united  to  the  asymmetric  carbc 
take  a  part  in  the  reaction.  If,  for  example,  in  active  inal 
acid,  CO.H— *CH. OH—OH,— CO2H,  the  hydroxyl  gioup 
combination  with  the  *C  be  replaced  by  Br  by  aid  of  hydr 
bromic  acid,  racemic  bromsuccinic  acid,  CO..H — *CH.Br- 
CH.J— C02H,  results  (Kekuld)."1  Further,  /-valeric  aci 
(C2HB)— *CH— •(CH,)(CO1H),  is  converted  completely  hi 
racemic  bromvaleiic  acid,  (C2H6)—  *CBr—  CCHa)(COaH),  1 
treatment  with  bromine  and  phosphorus  at  a  low  temperattt 
followed  by  heating  to  100°  (Schutz  and  Marckwald).'1  Tl 
same  active  valeric  acid  when  oxidized  in  aqueous  solution  1 
potassium  permanganate  yields  racemic  oxyvaleric  aci 
(C,HB).*COH.(CHl)(CO,Hi. 

In  changes  like  the  above,  by  keeping  the  temperatures 
low  as  possible,  the  racemization  may  be  often  prevented  ai 

1  Schul/e  and  Bosslmrd-  ZLschr.  physiol.  Chem  ,  10, 135. 
a  Wallach  Ann  Cliein  (l^iebig),  a»7,  283,  339, 11 
J  Kekulfi:  Jfad,  130,25 
*  Schtitz  and  Marckwald:  Ber  d.  cliem  Qea,  29, 58. 


COMPOUNDS  |f 

an  active  derivative  obtained.  Walden1  succeeded  in  con- 
verting mal^ic  acid  into  dex-tromompcHlorsuccinic  acid  by  the 
action  of  phosphorus  pentachloride  with  addition  of  chlprof  orm 
which  prevented  .the  temperature  from  exceeding  62°.  By  the 
same  process2  (PC16  or  PBr6  and  CHC18)  he  converted  a 
number  of  hydroxy  acids  or  their  esters  directly  into  active 
halogen  derivatives,  as,  for  example,  /-dimethyl  and  diethyl 
malate  into  dextrobromsuccinic  esters  ,  ^-diethyl  tartrate  into 
/-ethyl  monobrommalate ;  /-ethyl  and  propyl  mandelates  into 
dextrophenylchloracetic  esters  ;  /-mandelic  acid  into  d?-phenyl- 
chloracetyl  chloride,  C6H6.CHC1.COC1  (by  heating  with  PC16 
to  160°  under  a  return  condenser  without  addition  of  chloro- 
form); /-calcium  lactate  (without  chloroform)  into  d-chlor- 
propionyl  chloride,  CH8  CHC1  COC1 

The  same  reactions  which  bring  about  racemization  when 
taking  place  at  the  *C  permit  the  formation  of  active 
denvatives  from "  active  substances  when  the  *C  remains 
untouched  If  the  substance  contains  several  *C  atoms,  at 
least  one  of  them  must  be  excluded  from  the  reaction 
if  active  derivatives  are  to  be  secured  From  borneol, 
C10H17  OH,  active  bornyl  chloride,  Ci0H17Cl,  is  produced  by 
action  of  HC1  or  PC16  (Kachler).3  Camphor  furnished 
by  action  of  bromine  active  bromcamphor,  C10H16BrO 
(Montgolfier).*  In  the  oxidation  of  active  substances  with 
permanganate,  active  oxidation  products  result  in  many  cases  ; 
thus,  chitemne,  C19H22N2O4,  from  quinine,  C20H24N2O2(Skraup),8 
chmcotenme,  C]8H20N2O8,  from  cmchonme,  C^H^N-jO  (Hesse).6 

30.  Production  of  Racemic  Compounds  by  Conversion  of  Sym- 
metric Bodies  into  Asymmetric. — If  a  symmetric  compound, 

t 

RB_C— R8,  in  consequence  of  the  substitution  of  one  of  the  two 


radicals  J?s  ^8  by  R±  be  converted  into  an  asymmetiic  com- 

i  Walden  :  Her  d.  chem  Ges  ,  26,  210 

a  Walden  •  Ibid ,  a8,  1287 

s  Kachler  '  Ann  Chem  (Wetng),  197,  93 

*  Montgolffer-  Ann  chim  phye,,  [5],  i4,  140, 

e  Sktftwp  t  Ann,  Cbeui,  (I,ieb;g),  199,  344 

«  HJff^,  /WA,  i7<*>  «33-    ' 
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' 

pound,  the  formation  of  both  R3—  C—  R4   and   R4—  C—  Rs   is  pos- 


sible.  On  account  of  the  symmetry  of  the  original  molecule 
there  is  no  reason  why  one  of  these  antipodes  only  should  be 
formed  ,  on  the  contrary,  the  production  of  both  with  equal 
rapidity  should  take  place,  and  the  resulting  product  would  be 
racemic  The  correctness  of  this  view  has  been  shown  by 
experience,  as  it  has  been  possible  to  prove  that  the  inactivity 
of  all  asymmetric  bodies  which  have  not  been  made  from  active 
ones,  depends  in  reality  on  the  production  of  racemic  forms 
While  it  is  true  that  not  all  of  these  inactive  products  have 
been  split  up  into  their  antipodes,  enough  such  reactions  have 
been  carried  out  to  show  the  generality  of  the  rule 

31.  Racemic  Compounds  from  Right-  and  Left-Rotating  Isomers 
of  Different  Configurations.—  Such  bodies,  which  should  be  active, 
have  not  yet  been  produced  lyiebermann1  obtained,  by 
evaporating  an  ethereal  solution  of  equal  weights  of 
tf-cinnaniic  acid  dibrornide  ([#]„  —  -f  64°)  and  /-allocinnamic 
acid  dibromide  ([a]/,  =  —  70°),  a  residue  which  on  treatment 
with  carbon  disulphide  could  be  separated  into  the  components 
E  Fischer2  has  attempted  to  combine  compounds  with  each 
other  whose  configurations  present  only  partially  the  object- 
reflection  relation,  as  is  the  case  with 

a?-Glucomc  acid  /-Mannomc  acid 

COOH  COOH 

H—  C—  OH  H—  C—  OH 

HO—  C—  H  H—  C—  OH 

H-C-OH  HO—  C—  H 

H-C-OH  HO—  i-H 

CH.OH  CHaOH 

From  a  mixture  of  equal  parts  of  the  two  acids  which  wai 
evaporated  to  a  sirup,   pure  /-mannonic  acid   lactone  onlj 

1  1/iebermaan    Ber  d  chem  ties  ,  27,  2045 
*  Fischer  .  Ibid  ,  27,  3226 
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separated,  and  from  a  mixture  of  the  catcmm  salts,  aT-calcitini 
gluconate  crystallized  first. 

The  oppositely  rotating  forms  of  camphoric  acid  and  iso- 
camphoric  acid  do  not  unite  to  yield  a  racemic  compound 
(Aschan).1 

A  tendency,  therefore,  toward  the  formation  qf  such  half- 
racemic  bodies  does  not  appear  to  exist. 

D.  Resolution  of  Racemic  Bodies 

For  the  decomposition  of  racemic  bodies  into  the  anti- 
podes, we  have  as  yet  three  methods,  which  were  all  dis- 
covered by  Pasteur,  and  first  applied  to  racemic  acid.  These 
are 

i    Resolution  by  crystallization. 

2.  Resolution  by  aid  of  active  compounds 

3.  Resolution  by  aid  of  fungi 

The  principles  underlying  these  methods  have  been  explained 
already  and  it  remains  to  discuss  in  this  chapter  the  practical 
methods  of  carrying  out  the  processes 

i.  Resolution  by  Crystallization.     Spontaneous  Resolution 

32.  This  process  depends  on  the  facts  that  racemic  com- 
pounds in  solution,  under  proper  temperature  conditions,  break 
up  into  their  antipodes  and  that  these  last  may  be  separated  by 
evaporation  of  the  solution  m  the  state  of  enantiomorphic 
crystals  which  may  be  sorted  out  by  aid  of  the  characteristic 
planes  into  active  right  and  left  forms  Equal  amounts  of  the 
two  antipodes  are  obtained  The  transition  temperatures 
explained  in  §  27  must  be  considered  as  these  are  different  for 
different  substances 

The  method  was  first  applied  by  Pasteur2  in  1848  for  the 
splitting  of  racemic  acid  in  the  form  of  sodium-ammonium 
salt  and  may  be  best  earned  out  in  the  following  manner  :3  An 
aqueous  solution  of  racemic  acid  is  divided  into  two  parts,  one 
being  saturated  with  sodium  carbonate  or  hydroxide  and  the 
other  with  ammonia  in  excess.  The  mixture,  is 

i  Aschan    Ber  d  chem  Ges.ay,  2001.  ,  _L_1  ^  r^*  Oj&T 

a  Pasteur   Ann  chim  phys  faj,  a4, 44*  (184?)  ^  '  -      *^ 

s  Pasteur  Ibid ,  28,  56  (1850). 
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rated  on  the  water-bath  until  crystallization  begins  on  cooling. 
The  crystals  are  redissolved  by  the  aid  of  water  and  a  little 
ammonia  after  which  the  solution  is  allowed  to  stand  in  a  wide 
crystallizing  dish  for  spontaneous  evaporation  As  explained 
in  §  27  the  temperature  must  be  kept  below  27°.  It  is  advi- 
sable to  remove  a  part  of  the  crystals  each  morning,  because, 
m  consequence  of  the  rise  of  temperature  during  the  day, 
partial  solution  might  follow  with  loss  of  the  hemihedral  faces. 
As  the  solution  gradually  loses  ammonia  a  little  must  be  added 
from  time  to  time,  sufficient  to  maintain  a  weak  alkaline 
reaction  The  separated  crystals  which  are  illustrated  in  Figs. 
4  and  5,  and  which  often  reach  a  length  of  several  centimeters, 
are  removed  from  time  to  time  by  the  aid  of  pincers  and  sorted 
out  after  examination  with  a  magnifying  glass.  If  the  indi- 
vidual crystals  have  grown  together  or  are  united  into  groups 
it  is  best  to  bring  them  into  solution  by  adding  a  little  water 
and  warming  and  then  repeat  the  whole  crystallization.  The 
separation  of  the  d-  and  /-sodium  ammonium  tartrate  is  facili- 
tated by  placing  the  two  kinds  of  crystals  m  the  evaporated 
liquid  at  the  start  and  as  far  apart  as  possible 

Very    often    the  cr>stallographic  examination  is  difficull 
because  the  hemihedral  faces  are  but  imperfectly  developed,  01 
cannot  be  found  at  all     In  such  a  case  the  question  as  tc 
whether  a  crystal  consists  of  the  right  or  left  tartrate  or  o 
the  racemate  may  be  decided  by  a  procedure  suggested  ty 
Anschiitz1  which  depends  on  this  that  the  calcium  racemate  i,1 
much  less  soluble  than  the  two  calcium  tartrates.     The  mothe 
liquor  is  separated  from  the  crystals  by  washing  with  a  littl 
water,  a  fragment  is  dissolved  in  a  small  volume  of  water  anc 
the  solution  is  divided  into  two  parts.    One  part  is  mixed  wit] 
about  3  cc.  of  a  saturated  solution  of  dextro-calcium  tartrat 
and  allowed  to  stand  some  time,  if  a  precipitate  appears  i 
shows  the  presence  ot  the  left  tartrate.     If  a  precipitate  doe 
not  form  and  if  the  other  half  of  the  liquid  gives  aprecipitat 
with  a  solution  of  levo-calcium  tartrate  the  presence  of  th 
right  tartrate  is  indicated,  finally,  if  precipitation  takes  plac 
in  both  cases,  racemic  acid  is  shown  to  be  present  in  thecrysta 

As  Pasteur*  found,  the  d-  and  /-tartrates  separate  always  i 

1  Anschutz   Ann  Chem  (I^iebig),  aa6,  193 
*  Pasteur  Ann  chim  phys  [3],  34,458 


BY  CR^ALtizATidN  ior 


exactly  equal  amounts  at  any.  point  in  the  crystallization,  for 
if  at  any  time  the  whole  mass  of  crystals  be  removed  and  dis- 
solved in  water  the  solution  will  be  found  to  have  no  rotating 
power,  and  the  mother-liquor  likewise  not.  The  two  salts 
must  therefore  possess  exactly  the  same  solubility,  Jung- 
fleisch,  on  the  contrary,  believes1  that  the  right  salt  is  less 
soluble  than  the  left,  inasmuch  as  he  found  more  of  the  first 
in  the  early  part  of  the  crystallization,  and  more  of  the  second 
in  -the  last  part 

The  'separation  of  the  two  tartrates  may  be  accomplished  as 
Gernez*  found,  in  this  way  The  original  solution  prepared  by 
heat  is  carefully  kept  free  from  crystals  of  the  salt  or  from 
dust  and  allowed  to  cool  down  until  it  reaches  the  super- 
saturated condition,  when  a  few  crystals  of  the  d-  or  /-sodium 
ammonium  tartrate  are  thrown  in  Then  the  separation  of  the 
corresponding  salt  follows,  while  the  other  remains  in  solution 
•  Besides  racemic  acid  the  following  racemic  bodies  have  been 
resolved  by  crystallization 

r-  Fermentation  lactic  acid^  m  the  form  of  its  zinc-ammonium 
salt,  ZnNHt(C,H50,),  +  3H20,  which  breaks  down  into  the 
d-  and  /-  lactates,  ZnNH,(C1)H50,))3  +  2H20  (Purdie  )3  This 
takes  place  when  to  a  concentrated  solution  of  the  racemic 
compound,  brought  to  supersaturation  by  cooling,  crystal  frag- 
ments of  one  of  the  lactates  are  added,  which  brings  about  a 
separation  of  the  corresponding  salt.  The  crystal  fragments 
needed  for  this  are  prepared  by  splitting  the  r-lactic  acid  by 
means  of  the  more  easily  performed  strychnine  method  If 
the,  solution  of  the  r-zinc-ammomum  salt  alone  be  allowed  to 
crystallize  spontaneously  at  the  ordinary  temperature  most  of 
the  salt  separates  as  such. 

Solutions  of  the  following  four  compounds  furnish 
simultaneously  crystals  of  the  d-  and  /-modifications,  which 
can  be  distinguished  crystallographically,  when  their  aqueous 
solutions  are  allowed  to  evaporate  at  the  ordinary  temperature. 

dl-Gulonic  acid  lactone^  formed  by  mixing  the  antipodes 
(Fischer  and  Curtiss).4  Racemi^rystals  are  not  formed. 

l  Jungfleisch-  Bull.  Soc.  Chun  [a],  41,  226 

a  Gernez,  Compt.  rend  ,  63,  843 

»  Purdie,  J  Chem  Soc  ,  63,  114410  1151 

*  Fischer  and  Curtis  :  Ber.  d.  cbem.  Qes  ,  35,  1046 
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dl-Asparagine  by  action  of  ammonia  on  esters  of  maleic  and 
fumaric  acid  (KSrner  and  Menozzi),1  or  from  the  antipodes 
(Piutti).2  Racemic  crystals  are  not  formed  under  the  same 
conditions 

r-Homoaspartic  aad,  formed  by  the  action  of  alcoholic 
ammonia  on  the  ethyl  esters  of  citra-,  mesa-  and  itaconic  acids 
(Kbrner  and  Menozzi).3 

r-Glutamimc  a«#fromr-glutatnide  (Menozzi  and  Appiani).* 
The  holohednc  crystals  of  the  r-acid  on  repeated  crystallization 
from  water  yield  crystals  with  right-  and  left-hemihedral  sur- 
faces. 

2.  Resolution  by  Active  Compounds 

33-  This  method  is  based,  as  explained  in  §  18,  on  the  un- 
equal solubilities  shown  by  the  salts  of  a  d-  and  /-acid  with 
the  same  active  base  (alkaloid),  or  of  a  d-  or  /-base  with  the 
same  acid  (e.g  tartanc  acid)  It  was  first  applied  by  Pasteur5" 
in  the  decomposition  of  racemic  acid,  by  which  he  found  that 
when  a  hot  aqueous  solution  of  the  acid  was  mixed  with 
molecular  proportions  of  different  cinchona  bases  to  saturation 
there  separated  on  cooling,  not  the  racemic  acid,  but  the  tartaric 
acid  salt ;  with  quinine  or  quimcine  the  first  crystallization  con- 
tained rf-tartaric  acid,  but  /-tartanc  acid,  on  the  contrary, 
with  cmchonine  or  cinchomcine  Later  the  method  was 
applied  to  the  resolution  of  many  other  racemic  acids,  and  of 
these,  first  to  malic  acid  by  Bremer6  in  1880.  Then  it  was 
used  with  bases,  and  first  with  synthetic  comne  whose  resolu- 
tion was  earned  out  by  Ladenburg7  in  1886  by  means  of.rf- 
tartanc  acid.  The  process,  which  has  already  rendered  good 
service  in  many  instances,  aids  especially  m  the  separation  of 
the  component  in  the  less  soluble  salt  in  pure  condition,  while 
on  the  other  hand,  the  purification  of  the  component  remain- 
ing in  the  mother-liquor  offers,  frequently,  considerable  diffi- 
culty, as  it  cannot  be  easily  separated  from  the  first.  But  in 

1  Korner  and  Menozzi    Ber  d  chem  Ges.ai,  Ref  87 

-  Piutfa:  /6zrf  ,19,  1694. 

3  Korner  and  Menozzi  •  Ibid.,  27,  Ref  121 

*  Menozzi  and  Appiani ,  Ibid ,  34,  Ref  399 , 27,  Ref  121 

6  Pasteur  Compt.  rend ,  36, 197;  37,  162,  Ann  chim  phys  [3],  38,  437 

«  Bremer  Ber.  d  chem  Ges  ,  13,  352 

"  I*adenburg  Ibid^  19, 2582  • 


most  cases,   it  is  a  question  of  securing  one  of  the  antipodes 
only,  the  second  being  obtainable  in  some  other  way. 

a.  Resolution  of  Raeemit  Adds  by  Aid  of  Alkaloid 
As  remarked  in  §18,  the  alkaloids  exhibit  no  regular 
behavior  with  respect  to  which,  one  of  the  optical  modifications 
of  an  acid  they  unite  with,  to  form  the  less  soluble  salt ;  the 
same  base  precipitates  the  aT-salt  of  one  acid,  and  the  /-salt  of 
another  But  in  the  case  of  the  cinchona  bases,  the  rule 
appears  to  obtain,  that  if  those  of  the  formula  C,$HMN,O 
(cinchonine,  cinchonidine,  cinchonicine)  precipitate  the 
/-modification,  then  those  of  the  formula  CMHMN,O,  (quinine, 
qmnicme,  quinidme)  yield  the  less  soluble  salt  with  the 
^-modification  In  general,  by  preliminary  tests,  it  is  neces- 
sary to  find  the  most  suitable  alkaloid,  that  is,  the  one  which  * 
yields  well  crystallizable  salts  with  the  acid  in  question 

At  present,  in  the  splitting  of  the  acids,  the  following 
alkaloids,  which  are  all  monacid  bases,  are  most  commonly 
employed 

Cmchonine  —Crystallized  C19H  ,,X,O  —-  294  Dextrorota- 
tory Difficultly  soluble  in  cold  or  warm  water  Soluble  at 
20°  in  126  parts  of  alcohol  of  84  per  cent  by  volume 

Cinchonidine  —Crystallized  :  CwH^Xp  ~  294  Levorotatory 
At  10°  soluble  in  1680  parts  of  water  or  in  19  7  parts  of  So 
per  cent  alcohol  by  volume. 

Qutmne.— Crystallized  C^,HMXA  4-  3H,O  =  378  Levo- 
rotatory,  soluble  in  773  parts  of  boiling  water  and  m  i  13 
parts  of  absolute  alcohol  at  20° 

Quimdine—  Crystallized  .   C30H,tNp2    -    2J   HSO   =  3&9- 
Effloresced     C^NA  +  2H*°  =    36o.      Dextrorotatory 
Soluble  in  750  parts  of  boiling  water  and  in  26  parts  of  So 
volume  per  cent,  alcohol  at  20°. 

Strychnine.— Crystallized:  CalHMNA  =  334-  Levorotatory. 
Soluble  m  2,500  parts  of  boiling  water.  Insoluble  in  absolute 
alcohol.  Soluble  in  120  parts  of  cold  or  in  10  parts  of  boiling 
alcohol  of  80  volume  per  cent. 

Bructne.— Crystallized-  CWH«NA  +  4H,O  =  446.  Levo- 
rotatory. Soluble  in  150  parts  of  boiling  water,  easily  soluble 
in  alcohol. 
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Morphine.— Crystallized:  C17H19NO3  +  H20  =  303 
rotatory  Difficultly  soluble  in  cold,  readily  soluble  in  hot 
water  'soluble  in  40  parts  of  cold  or  in  30  parts  of  boiling 
absolute  alcohol 

The  alkaloids  and  racemic  acids,  the  latter  taken  with  the 
simple  molecular  weight,  have  been  usually  combined  in  the 
*  molecular  proportions  of  i.i  With  the  monobasic  acids  the 
neutral  salts  are  formed,  and  with  the  dibasic  acids,  acid  salts, 
which  have  the  advantage  of  easier  crystallization.  In  some 
cases  (as  racemic  acid,  cinnamic  acid  dibromide)  it  has  been 
found  advantageous  to  take  2  molecules  of  acid  to  i  of  the 
base,  which  leaves  half  of  the  acid  and  in  form  of  one  of  the 
antipodes,  mainly  in  uncombmed  condition. 

The  crystallization  of  the  less  soluble  salt  and  its  separation 
from  the  more  soluble  one,  is  accomplished  m  several  ways, 
depending  on  the  nature  of  the  substances  .  ( i )  By  cooling 
the  hot  saturated  solution;  (2)  By  slow  evaporation  of  the 
solution  at  the  ordinary  temperature  and  fractional  crystal- 
lization; (3)  By  adding  a  crystal  of  the  less  soluble  salt  to 
the  strongly  concentrated  or  supersaturated  solution  (sowing, 
inoculation)  It  has  been  found  here,  that  crystals  may  be 
used,  which  do  not  contain  the  modification  of  the  acid  to  be 
separated,  but  the  one  with  opposite  rotation.  For  example, 
the  addition  of  a  crystal  of  /-cmchonme  malate  to  a  solution  of 
racemic  cinchonine  malate  causes  a  separation  of  the  af-salt, 
a  phenomenon  which  Bremer1  has  explained  from  the  obser- 
vations of  Groth2  on  quartz,  sodium  chlorate,  and  soduim 
penodate,  to  depend  on  the  tendency  shown  by  enantio- 
morphous  crystals  to  form  twins  consisting  of  the  oppositely 
rotating  varieties. 

Below  is  given  a  resume"  of  the  racemic  acids  which  have 
been  split  by  the  aid  of  alkaloids,  along  with  a  discussion  of 
the  most  important  observations  made  in  the  experiments. 

Racemic  acid,  jas  is  well  known,  was  first  broken  up  by 
Pasteur  with  initial  separation  of  : 

1  Bremer    Ber  d  diein  Ges  ,13,  352, 

2  Groth    Pogg  Ann  ,  158,  214 
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Proportions  used, 

i                                 *''  Base             Acid 
-     a   The  Martrate 

By  cinchonine  from  alcoholic  solution1 i  :     -  i 

cinchomcme  from  aqueous  solution8  •  • .  •  i  :        i 

b    The  rf-tartrate 

By  quinine  from  alcoholic  solution1    •          •  •  I  .        i 

,  quimcine  from  aqueous  solution2 I  •        I 

brucine  from  alcoholic  solution1 {     l        '        I 

\     2        .        i 

For  the  separation  of  the  /-acid,  which  is  always  the  desired 
product,  cmchonme  serves  best  and  may  be  used  with  advan- 
tage in  the  manner  suggested  by  Marckwald*  in  which  for  2 
rnols  of  C4H8O6  =  300.  i  mol  of  CigH22N2O  =  294,  that  is 
about  equal  weights  of  each,  is  taken  To  the  boiling  aqueous 
solution  of  the  racemic  acid  the  cinchonine  is  added  in  small  „ 
portions,  and  enough  water  then  to  maintain  a  clear  solution. 
On  cooling  /-cinchonine  tartrate  crystallizes  out,  and  after 
standing  a  day,  may  be  filtered  off  The  yield  is  about  two- 
thirds  of  the  theoretical  After  a  second  crystallization  from 
hot  water  the  salt  is  decomposed  by  ammonia,  and  from  the 
solution  separated  from  the  cinchonine  by  filtration  the  /-tar- 
taric  acid  is  thrown  down  by  lead  acetate  The  lead  salt  is 
decomposed  by  hydrogen  sulphide,  or  with  larger  amount, 
better  by  dilute  sulphuric  acid  for  recovery  of  the  free  acid 
From  the  mother-liquor  of  the  /-cinchonine  tartrate,  which 
contains  mainly  the  free  o'-acid  along  with  small  amounts  of 
the  /-acid  and  the  cmchonme  salts  of  both,  crystals  of  acid  d- 
cmchonme  tartrate  separate  after  a  time  and  can  be  worked 
up  for  recovery  of  the  base  The  liquid  filtered  from  these  is 
divided  into  two  halves,  one  of  which  is  exactly  saturated  with 
soda  and  the  other  with  ammonia,  and  after  filtration  of  the 
separated  cinchonine,  these  are  united  and  concentrated  by 
evaporation.  After  cooling  */-sodium  ammonium  tartrate 
crystallizes  first.  The  mother-liquor  is  then  allowed  to  evap- 
orate until  a  portion  tested  in  the  polariscope  is  found  to  be 
inactive  or  slightly  levorotatory.  The  racemate  is  now  pres- 
ent which  can  be  converted  into  free  acid  and  treated  anew 
with  cinchonine, 

i  Pasteur.  A.nn,  chim.  phys.,  [3],  38,  437. 
*  Pasteur:  Compt  rend ,  37,  162          ; 
&  Marckwald.  Ber,  d  cbe,m.  O-es  ,  39,  42. 


106  RESOLUTION  OP  RACEMIC  BODIES 

Malic  acid — The  r-acid  obtained  by  reduction  of  racemic 
acid  by  means  of  hydriodic  acid,  was  converted  by  Bremer1  into 
the  acid  cmchonine  salt,  and  to  the  concentrated  solution  a  crys- 
tal of  the  acid  cinchonme  salt  of  common  malic  acid  from 
mountain-ash  berries  was  added.  Crystallization  followed,  and 
after  conversion  into  acid  ammonium  malate  furnished  this  salt 
in  the  right-hand  modification  As  the  corresponding  salt  of 
ordinary  malic  acid  is  levorotating  in  all  concentrations,8  this 
shows  the  production  of  the  antipode.  From  the  mother- 
liquor  of  the  flT-cinchomne  malate,  the  ordinary  /-acid  ammo- 
nium malate  could  be  obtained,  but  not  in  pure  condition 

Methoxymccinic  acid,  COaH— CH(O.CH8)—  CH,— C03H  — 
a,  with  dnc/wmne,  i  :  I,  in  aqueous  solution  evaporated  over 
sulphuric  acids  yields  first  crystals  of  the  acid  </-salt,  and  from 
the  mother-liquor,  the  /-salt  Both  antipodes  are  obtained 
pure  (Purdie,  Marshall  and  Bolam).3 

b}  with  strychnine,  i  i  in  water  The  /-salt  is  somewhat  less 
soluble.  The  concentrated  supersaturated  solution  was  ti  eated 
with  a  crystal  of  the  /-salt,  which  caused  sepaiations  of  the 
corresponding  compounds.  Both  antipodes  weie  obtained 
pure  (Purdie  and  Bolam).1 

Ethoxysitccinic  acid  with  cmchomdnie,  i  •  i.  Crystals  of  the 
desalt  separate  first  on  cooling  the  hot  aqueous  solution 
(Purdie  and  Walker)  * 

Isopropoxysucdnic  acid  with  strychnine.  With  the  base  and 
acid  in  proportion,  2  i,  the  neutral  /-salt  crystallines  first,  tuul 
then  the  */-salt.  With  i :  i  the  acid  /-salt  separates  first, 
while  the  rf-salt  forms  an  tmcrystallizable  sirup,  which  can  bt. 
brought  to  crystallization  by  conversion  into  the  neutral  salt. 
Both  antipodes  are  pure  (Purdie  and  Bolam)." 

Pyrotartanc  acid  with  strychnine^  i  :  i .  By  evaporation  ol 
the  aqueous  solution,  the  rf-salt  separates  first.  By  repeated 
crystallization,  separation  of  the  acid  and  reconversion  intc 

1  Bremei  •  Ber.  d.  chem.  G-es,,  13,  351. 

-  See  Schneider    Ami,  Chem.  (Ivlebig),  307,  274. 

•'  Purdie  and  Marshall .  J.  Chem.  Soc.,  631  217  i  Purdie  and  Bolam :  J/ii'rf.,  67,  944 

4  Purdie  and  Bolam ;  fbid.,  67,  946, 

6  Purdie  and  Walker :  /ft/4,,  63,  236. 

0  Purdie  and  Bolatn :  /Mrf.,  ($7,  938. 
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the  strychnine  salt,  the  ^-acid  was  obtained  in  pure  condition, 
but  not  the /-acid  (Ladenburg).1 

Lactic  acid  with  strychnine,  i :  i.  The  aqueous  solution  sub- 
jected to  fractional  crystallization  gave,  at  first,  products  which 
on  conversion  into  the  ammonium  or  zinc  salt  yielded  these  in 
the  right-rotating  form,  that  is,  they  contained  the  /-acid.  From 
the  last  crystallizations,  the  </-acid  (salts,  levorotatory)  was 
obtained  By  repeated  crystallization  of  the  strychnine  salts, 
both  antipodes  were  obtained  pure  (Purdie  and  Walker).2 

a-Oxy  butyric  acid,  CHs.CHa  CHOH.CO2H,     with   brudne 
The  salt  of  the  /-acid  crystallizes  first  (Guye  and  Jordon)  * 

Valeric  and,  CHS— CH2-^CH.CH8— CO2H,  (from  ethyl- 
methyl  malomc  acid)  with  brudne  i  i  On  cooling  the 
solution  prepared  by  the  aid  of  heat,  the  /-salt  separates  first. 

By  oft-repeated  recrystallization  of  the  less  soluble  fractions, 
(/-salt)  the  rotation  of  the  liberated  acid  was  brought  up  to  a 
maximum  ([<x]D=  — 1785°)  The  fl?-acid  could  not  be 
obtained  in  the  same  strength  The  reason  for  the  difficult 
separation  is  found  in  the  fact,  that  d-,  /-,  and  r-brucme 
valerate  are  isomorphous  with  each  other  The  crystals  are 
monoclmic  heinimorphous  (Schutz  and  Marckwald).4 

Galactonic  acid  with  strychnine. — The  lactone  of  the  r-acid 
is  dissolved  in  70  per  cent  alcohol  and  boiled  with  an  excess 
of  finely  powdered  strychnine.  The  filtrate  is  evaporated 
after  addition  of  water,  which  throws  out  part  of  the  base,  to 
the  condition  of  a  thin  birup  On  cooling,  fine  needles 
crystalh/e  which  consist  largely  of  the  af-salt,  the  same  is  true 
of  the  second  crystallization  ^  The  mother-liquor  contains  the 
/-salt  Both  antipodes  are  secured  by  repeated  recrystalhzations 
of  the  strychnine  salts.  The  lactone  of  the  af-acid  rotates 
strongly  to  the  left,  that  of  the  /-acid  to  the  right  (Fischer).5 

Mannonic  add  with  morphine  — From  the  solution  obtained 
by  boiling  the  r-acid  with  morphine  the  desalt,  after  evapo- 
rating to  a  sirup,  is  separated  in  the  form  of  crystals  which  are 

i  Ivadenburg  •  Ber.  d  chem.  Ges ,  a8, 1170 

a  Purdie  and  Walker    J  Chem.  Soc  ,  61,  757 

s  Guye  and  Jordon :  Compt  rend ,  lao,  562. 

4  Schutz  and  Marckwald    Ber,  d.  chem  Ges  ,  39,  52 

»  E  Fischer  fbid,,  *$,  1356  < 
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freed  from  mother-liquor  by  washing  with  methyl  alcohc 
The  flT-salt  only  may  be  obtained  pure  (Fischer).1 

Mandehc  add  with  dnchonine,  i  :  i .     This  is  dissolved 
boiling  water,  and  after  cooling  a  crystal  of  the  </-salt  is  aclde 
and  the  liquid  allowed  to  evaporate.     The  yield  of  the  df-sc 
is  about  80   per  cent,   of  the  theoretical.     After  evaporati< 
and  long  standing,  the  mother-liquor  deposits  crystals  of  tl 
/-salt.     The  af-acid  may  be  obtained  pure,  but  the  /-acid 
best  made  from  the  amygdalin  (L,ewkowitscli).2 

Tropic  add,   C,H8.*CH.CHlOH.COiH)   with  quinine   i  . 
If  the  base,  dissolved  in  dilute  alcohol,  be  added  to  a  h 
aqueous  solution  of  the  acid,  and  the  mixture  evaporated 
100°,  to  beginning  crystallization,  the  ^-salt  separates  in  pi 
white  crystals.    The  mother-liquor  on  further  conccntrati- 
leaves, an  oil  which  gradually  solidifies  to  glassy  ciystuls 
the  /-salt.     Both  salts  may  be  purified  by  recrystalli/atic 
For  the<tf-acid,  \pi]D  —  +  71°;  the /-acid  could  not  be  obtain 
pure  (lyadenburg  and  Hundt).1'1 

Phenyl-aft-dibrompropiomc  acid  (cinnamic  acid  dibromid« 
C6H6  *CHBr  *CHBr.CO,H  From  the  r-compomul  the  foll< 
ing  difficultly  soluble  salts  were  separated: 

With  cinchonme,    r  base  :  a  acid,  fioni  alcohol  solution  the  /-SICK 


cinchomdme,  i  "  ;  i 

quimdine,       i  "  :  i 

strychnine,     I  "  :  i 

strychnine,     i  "  .  2 

britcme,         r  "  •  2 


beiueue 
alcohol 


/-an< 
f/-nni 
/.un, 


•  «  ,/.ucj, 

With  strychnine  and  z  molecules  of  acid  the  neutral  s. 
C!ilHs2N2O!!.C1,HHBr!iOli,  is  always  precipitated. 

The  separation  of  the  pure  antipodes  which  was  undertal 
by  I4ebermanuB  by  the  strychnine  method  is  difficult  .    It  is  t 
to  proceed  m  this  way:  Dissolve  20  grams  (2  mola)  of 
cinnamic  acid  dibromide  in  400  cc.  of  absolute  alcohol  and 

1  Fischer:  Ber  d.  chem.  Gea.,  33,  379. 

2  I,ewkowltsch  •  Ibid,,  id,  1573. 

8  Ladenburg  and  Hundt-   Ibid  ,  a»,  3590. 

*  Srteuweyer,  Jr.:  IbtA  ,  36,  1659;  Hlrsch  :  Jitd.,  37,  887. 


8  I,  Meyer,  Jr  .  /Mrf.,  as,  &n\  Weberinann  !  Ibid,,  a<S,  947. 

i  Hirsch-  find.,  vj,  887. 

s  Ifiebermaiin:  Ibid.,  a6,  247  and  839 
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then  ii  grams'  (  r  mol)  of  strychnine  as  follows?  Dissolve  the 
alkaloid  by  aid  of  heat  in  an  excess  of  hydrochloric  acid  and 
while  still  hot  add  excess  of  ammonia,  "which  yields  a  crystal- 
line easily  filtered  precipitate.  This  is  washed  with  a  little 
water  and  alcohol,  and  then,  after  puncturing  the  filter-paper, 
is  washed  into  the  cinnamic  acid  solution  by  the  aid  of  220  cc 
of  absolute  alcohol.  After  solution  is  effected  by  aid  of  heat, 
the  mixture  is  allowed  to  stand  about  twenty  hours,  in  which 
time  20  to  25  per  cent,  of  the  acid  separates  as  strychnine  salt 
of  the  a?-  form.  (With  i  molecule  of  base  to  i  of  acid  the  /- 
form  separates  first.)  For  separation  of  the  free  acid  the  salt 
is  suspended  in  water,  acidified  with  hydrochloric  acid  and 
shaken  with  ether,  and  the  ethereal  solution,  after  a  second 
shaking  with  water,  evaporated  The  highest  observed  rota- 
tion amounts  to  [ai]D  =  +  68  3  for  12  to  15  per  cent  solution 
in  alcohol.  From  the  mother-liquor,  after  a  second  treatment 
with  strychnine  (i  of  base  2  of  acid),  more  of  the  d-salt  and 
then  the  salt  of  the  /-acid  may  be  obtained  The  latter  acid 
has  been  secured,  however,  with  rotation  up  to  [<*]/,  =  — 
45.8°  only 

Allocinnamic  acid  dibromide  could  be  separated  by  aid  of 
cinchomdine  in  benzene  solution  from  which  the  salt  of  the 
/-acid  crystallized  The  highest  observed  polarization  of  the 
acid  was  \_V~\D  =  —  83  2°.  The  a?-  acid  could  not  be  obtained 
pure  (lyiebermann1). 

Phenyl-a  fi-dichlorpropionic  acid,  (cinnamic  acid  dichlonde) 
with  strychnine,  i  molecule  of  base,  (40  grams)  and  i  molecule 
of  acid  (45  grams)  ,  dissolved  in  500  cc  of  99  5  per  cent,  alcohol 
gave  crystals  of  the  d-salt  after  standing  40  hours.  By 
separating  the  acid  from  the  crystals,  and  treating  again  with 
strychnine,  the  fl?-acicl  was  directly  secured  with  maximum 
rotation  £he  mother-liquors  from  the  first  separation,  after 
four  treatments  with  strychnine,  furnished  the  pure  /-acid 
(lyiebermann  and  Finkenbeiner).2 

Phenyldibrombittyric  acid  (phenylisocrotonic  acid  dibromide)  , 
C6H6.*CHBr.*CHBr.CH2.C02H,  with  bructne,  i  .  i.  From 
the  alcoholic  solution,  the  ^-salt  separates  on  standing,  the 


,  Ber.  d.  chem,  Ges,,  27,  3041 
a  I^eberman  an£  FijefeNtoer^!  »«*.  4,  Qhem  Ges  ,  ad,  883  ,  37,  889.          ,  f 
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crystallization  being  induced  by  rubbing  with  a  glass  rot 
The  yield  is  about  three-fourths  of  the  theoretical.  K 
extracting  the  salt  with  enough  hot  alcohol  to  leave  tilxn 
one-third  undissolved,  it  may  be  obtained  in  quite  pm 
condition.  On  evaporating  the  mother-liquor  to  dryness,  tl 
/-salt  separates,  partly  crystalline.  With  the  proportii 
of  i  molecule  of  base  to  2  of  ticid,  a  small  amount  of  tl 
rf-salt  separates,  but  in  purer  form  (L  Meyer  and  »Stcin).' 

y%««y-«-dw;»/flrf/V««rf,C,HB.*CH()H.*CHBr,C()!lH  I  II 
with  cinchonine.  The  tf-salt  cry,stallwes  in  white  needles  fro 
the  holution  in  absolute  alcohol ;  the  much  moie  sol  til 
/-salt  is  obtained  as  a  sirup  which  finally  solidifies  to  alum 
mass  (Krlenmeyer,  Jr  ).a 

hopropylphenylglycolic  add,  C,Hi.C,HT>CHOH.COJl 1 .  \vi 
quinine  and  cinchonine.  If  one  molecule  of  quinine  and  one 
the  acid  be  dissolved  in  hot  alcohol,  and  then  tiealed  \\  ith  1 
water,  and  allowed  to  cool,  the  /-quinine  salt  .sepaiates  T 
acid  is  liberated  from  the  mothei -liquor  mid  combined  in  1 
aqueous  solution  with  cinchonine.  On  cooling,  tin-  oinchoni 
salt  of  the  rf-acid  separates  first  (Kileti).'1 

Oil-  CIL,— »CII    Co.H 

Dihydro-o-phthalit  arid,    \\  \  ,  \\Uh    »//)• 

CII-CII      e~C<),H 

nine,  i-i      In  fractional  crystallisation,  the  d  salt  srp.u  a 
first  from  aqueous  solution  (Proust).1* 

b    Resolution  of  Kctwmic  ilttbcit  by  Turin  n't  .Ithf, 

This  method,  first  applied  by  I/aclcnbuig"'  foi  the  bu-ak 
up  of  synthetic  conine,  lias  been  carried  out  by  cv«i\vil 
the  racemic  base  by  treatment  with  ordinary  //•uirtaric  ji 
into  a  mixture  of  the  bitartrates  of  the  (/•  and  /-buses  \ 
separating  these  by  fractional  crystallization.  In  thih  \v«; 
was  possible  to  obtain  more  or  less  readily  that  modification 
pure  form  which  was  contained  in  the  less  soluble  salt,  \vli 
on  the  contrary,  the  other  was  always  obtained  in  a  condii 
with  much  lower  rotation.  In  order  to  obtain  the  latter  i 

1  !„.  Meyer  and  Slehi ;  Ber,  d.  chem.  Oca,,  37,  Kyo. 

«  Eilemneyer,  jr. :  Awn.  CUem.  (Meblu),  371,  139 ;  Her.  d.  chem.  Gen ,  34, 1*3, 

•'  inietl ;  OassK.  ohtm,  Ital.,  aa,  II,  395 ;  Ber.  d.  chem.  Gen.,  36,  Kef.  to) 

•i  Proost;  Ber.  d.  chem.  Q«*.,  97,  3185. 

'•  I.adenburg,  Jbid.,  19,  ajBa 
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in  a  pure  state,  Marckwald1  suggested  that  the  mother-liquors 
from  the  precipitation  with  ^-tartaric  acid  be  decomposed  with 
separation  of  the  base  and  that  this  by  addition  of  7-tartaric 
acid  be  converted  into  the  /-bitartrate,  which  salt  is  now  the 
more  readily  crystallizable     In  this  way  the  separation  of  the 
antipodes  is  complete.     Other  active  acids  than  tartaric  have  *-"" 
not  been  tried  as  yet. 
The  following  racemic  bases  have  been  split. 

XCH,  -  CH.CH$ 
a-Pipecohne,    CH2<  V,w         By  saturation  of  the 


racemic  base  with  one  molecule  of  tartaric  acid  in  aqueous  solu- 
tion, evaporation  to  a  sirup  and  addition  of  a  minute  crystal  » 
of  ^-comne-^-bitartrate  Ladenburg*  obtained  the  salt  of  the  d- 
base  as  a  white  tallow-like  mass,  while  the  /-base  remained  in 
the  liquid  pressed  out  After  repeated  crystallization  of  the 
solid  salt  pure  d  pipecoline  could  be  separated  by  distillation 
with  caustic  soda  (aD  =  31  9°  for  i  dm.),  the  /-base  could  not 
be  isolated  Marckwald1  added  to  the  sirup  of  the  d-  bitartrate 
of  the  racemic  base  crystals  of  ^-pipecoline  racemate 
(C6H,,,N  C4H6Oh  -j-  HjO,  monoclinic)  by  which  en  stalhzation 
of  */-pipecolme-</-bitartrate  (ChH,,N  CtHhOb  —  2H.O.  mono- 
clinic,  heimmorphous)  was  induced  This  phenomenon  is 
singular  as  the  two  salts  are  different  \v  ith  respect  to  cr\  stal- 
line  form  and  amount  of  \vater.  By  rubbing  the  crystal 
magma  with  a  little  uater,  draining  with  the  pump,  dissolving 
in  a  little  hot  water  (about  4  cc  to  10  grams  of  salt)  and  cool- 
ing the  d-d  salt  was  obtained  perfectly  pure  After  separating 
a  further  small  amount  of  cr\  stalhzable  substance  from  the 
mother-liquor,  the  separated  sirup  was  distilled  with  caustic 
soda  and  the  collected  mixture  of  a  small  amount  of  the  d-ba.se 
with  much  of  the  /-base  was  converted  into  bitartrate  by  the 
addition  of  /-tartanc  acid  Crystals  of  /-pipecohne-/-bitartrate 
now  separated  By  again  separating  the  bases  from  the 
mother-liquor  and  treating  first  with  the  d-  and  then  with 
/-tartaric  acid  a  nearly  quantitative  separation  of  the  r-pipeco- 
line  into  the  active  forms  (tx0  =  db  32°  for  i  dm.)  was  reached. 

i  Marckwald,  Ber  d  chem  Ges  ,  29,  43 
a  Ladenburg  Ann  Chem  (I,iebig),  2*7,  65 
»  Marckwald  Ber  d  chem  Ges.,  29,  43 
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fi-PipecoKne. — The  solution  of  the  bitartrate  evaporated  on 
the  water-bath,  yields  racemic  crystals,  bill  by  slow  evapo- 
ration m  the  cold,  crystals  of  the  /-base  are  formed .  The 
debase  was  not  secured  (I/idenburg).1 


n-Ethylpiperidine,  CIL/  ^  '         IT  Nil  *     — By   the  aid    of 

rf-tartaric  acid,  the  rf-base  may  be  obtained  pure  (Ladenburg).' 

yClL— cil.C,n. 
oi-N-Propylpiperidinc,  CIL/      "        Nil     • 

k-  Jt  A  2*™" *""  V»  1 1  tj 

Synthetic  conine, — This  was  obtained  by  Ladenburg1  from 
a-propylpiperidine  as  follows :  To  the  concentrated,  but  nol 
sirupy  solution  of  the  rf-bitartnite,  small  crystals  of  tlu 
^-conme-rf-bitartrate  were  added.  (These,  as  obtained  b> 
Schorm1  from  natural  conine,  were  rhombic  crystals  having 
the  composition,  C()H15N.C4H1)0,l  -\-  2H2O.) 

A  crystal  magma  formed  from  which,  hy  piessing  aw 
recrystallizmg,  the  rf-base  was  obtained  pure,  and  showing  tlu 
same  rotating  power  as  the  natural  conine,  [«"]/.  [  183" 
It  is  also  possible  to  evaporate  the  moderately  dilute  solntioi 
of  the  tartrates  of  the  racemic  base  at  the  ordinary  temperature 
and  then  purify  by  repeated  crystallization,  the  crystals  o 
rf-conine-^-bitartrate  which  separate  first.'"'  The  /-form  wa1 
not  obtained  in  pure  condition. 
QJJ( KCH  CIL 

Copellidinc,  Clla/     J  '      J NNII. — By    evapt>rating  th< 

>^cir  c  TI  —Pit  f 

aqueous  solution  of  the  tartrates,  the  salt  of  the  </-bust 
crystallizes  first.  The  rotation  of  the  alkaloid  is  [<*]  n  \ 
36.5°  The  /-form  was  not  obtained  pure  (Levy  and  Wolifcn 
stein).11 

fsocopelhdinc.—From  the  solution  of  the  bitartrate.s,  the  sal 
of  the  /-base  crystallizes  first,  [#]y,  —25.9°.  The</-bas' 
coulcl  not  be  obtained  pure  (Levy  and  WolifeiiHtein). 

Propylenediamine,  CH,— *CH.NH2— •CH.NH,,— •  One  mole 

1  kadenlmrg .  Ber,  d.  chem.  Oes.,  97,  75, 

a  Ivadeuburg;  Ann.  Chem.  (L,ieblg),  347,  71 

»  Iyadenberg :  Ber.  d.  chem.  Ges.,  19,  as«»  { Ann.  Chem.  (WeMff),  947,  85. 

<  Schorm ;  Bet,  d.  chem.  GCH.,  14, 1768. 

R  I,adenburg  !  Ibid,,  97,  3065. 

"  Levy  and  Wolff enstein !  /4»'rf.,  a8,  »ajo. 
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cule  of  the  ba$e  dissolved  in  water  with  two  molecules  of  tar- 
taric  acid  deposits  crystals  on  evaporating,  which,  contain  the 
/-base,  [<*]/5  =  —  20.96°.  —  The  debase  was  not  obtained 
(Baumann).1 

<CH2'  —  CHj 
|  —  The    aqueous 

NH—  *CH.CH8 

solution  of  the  bitartrate  yields  monoclimc  hemimorphous 
crystals  of  the  salt  containing  the  rf-base.  The  rotation  of  the 
base  is  [a]  D  =  +  56*.  The  /-base  is  notknown  (lyadenburg)  .2 
[See  below.  Tr]  . 

/,  s-Tetrahydronaphthylenedtamine.  —  'Vte.  aqueous  solution 

H      NH.    of  tlie  ^-bitartrate,  evaporated  to  a  sirup,  and 

H   \X     l   treated    with  a    small    crystal   of  ^-conine- 

C     *C  rf-bitartrate,  furnished    a  deposit  of  crystals 

ncf     C       CH     which  laeld  the  /'base      Rotation  of  the  salt 

(       \(       I         M/>  =  —  7-5°  for/  =  3  96      After  standing 

Hc  v     £    yCH-    several  months,  the  separated  mother-liquor 

\<      C  furnished    crystals  of    the  bitartrate  of  the 

NH,,  H,          af-base      Rotation  of  this  salt    \_cx\D  =  +  8  15° 

for  p--  2  44°  (Bamberger)  8 

a-Phenylctliylamine,  ChH6*CH  CH,  NH2  —The  separation  as 
bitartrate  was  tried  first  by  Kraft,4  but  without  success,  and 
later  by  Lov6nfl  who  succeeded  The  concentrated  hot  solu- 
tion gave,  on  cooling,  needle-shaped  crystals  with  i£  H2O,  from 
which  the  impure,  slightly  dextrorotatory  base  was  separated  ; 
from  the  mother-liquor  prismatic  anhydrous  crystals  slowly 
separated  which  furnished  a  strongly  left-rotating  base 

c.   Resolution  by  Stronger  Acids 

Pope  and  Peachey"  have  recently  suggested  the  use  of  strong 
optically  active  acids  as  agents  of  resolution  in  place  of  tartanc 
acid.  a?-tf-chlorcamphorsulphonic  acid,  </-tf-bromcamphorsul- 
phonic  acid  and  af-camphorsulphonic  acid  are  compounds 
which  suffer  relatively  great  dissociation  in  aqueous  solution 

l  Baumann  •.  Ber.  d,  chem,  Gesn  28,  1179 
*         a  I,adenburg  •  Ibid.,  97,  76 
»  Baraberger  :  tttd.,  aa,  291 
+  Kraft  ;  f(M.,  »3,  2783. 


o  pope  and  P«a»b«SV  J  *QJie^.  ^oo,,  73,  893  and  75,  1066. 
8  ,  ; 
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and  in  their  action  with  weak  bases  may  be  compared  to  the 
mineral  acids.  Among  other  applications  the  following  may 
be  quoted: 

Tetrahydropaflaverme ',  C^H^NO^  — By  combining  the 
racemic  base  in  aqueous  solution  with  the  calculated  amount 
of  d'-o'-bromcamphor  sulphonic  acid  and  warming  to  effect  solu- 
tion the  combination,  CaoH<1BNOt.C10HuBrO.HSO8,  is  formed. 
On  cooling  long  needles  of  the  /-salt  separate,  as  this  is  the 
less  soluble.  On  concentrating  and  cooling  again  more  of  the 
salt  may  be  secured.  For  the  purifiedcry  stals  [«r] ;)  —  30° 
was  found  In  the  mother-liquor  the  ^-salt  is  left  but  could 
not  be  obtained  m  pure  crystalline  form. 

By  decomposing  the  /-salt  with  ammonia  the  /-base  is 
obtained  [a]D  =  —  143.4°.  From  the  resinous  af-salt  the  corre- 
sponding base  with  [a]D  =  -f-  153  7°  was  secured  (chlorofoim). 

In  the  same  resolution  rf-a-chlorcamphorsulphonic  acid  was 
employed  also  with  good  results. 

The  authors  tried  Reychler's  camphorsulphonic  acid,  but 
the  salts  formed  remained  in  a  very  soluble  sirupy  form  and 
could  not  be  well  separated 

Tetrahydroqmnaldiue,  C^H^N. — This  was  resolved  by  thu 
aid  of  fl?-tf-bromcamphorsulphonic  acid  as  described  above. 
An  alcoholic  solution  of  the  /-salt  gave  \JX~\D  -  -|-  41  5°  Foi 
the  base,  separated  by  distillation  m  a  current  of  steam  with 
a  slight  excess  of  soda,  [a]D  —  —  58.12  was  found. 

Camphoroxime,  C,,,H1(l.NOH. — The  racemic  oxmie  was- 
resolved  by  action  of  rf-camphorsulplionic  acid.  Sixty  graim 
of  the  oxime  and  90  grams  of  the  sulphonic  acid  were  mixec 
in  boiling  acetone.  On  cooling  a  crystalline  precipitate  formt 
and  more  may  be  obtained  from  the  mother-liquor.  Oi 
recrystallizing  the  whole  of  the  fractions  from  boiling  ethei 
two  products  are  finally  obtained,  the  less  soluble  being  d?-cain< 
phoroxinie  rf-camphorsulphonate,  and  the  more  soluble  th< 
/-camphoroxime  rf-camphorsulphonate.  For  the  first  [a]  ^  - 
-(-4.3°  was  found  (*=  1.7508  in  absolute  alcohol)  and  fo 
the  oxime  from  it  [«]fl  ~  — •  41.3°.  The  oxime  fron 
the  /-camphor  oxime  rf-camphor  sulphonate  gave  \oi\D  = 
+  41.7°.  s 
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The  resolution  of  or-benzylplaenylanylmethyl  ammonium 
iodide  was  likewise  accomplished  by  aid  of  ^-camphor  sulphouic 
acid1  (see  §  14)  and  very  recently  the  same  authors  have 
described  the  resolution  of  an  asymmetric  sulphur  compound 
by  use  of  this  optically  active  sulphonic  acid.2  This  compound 
is  methyletbylthetme  and  from  the  bromide  by  addition  of  the 
silver  salt  of  d'-camphorsulphomc  acid  the  corresponding 
^-methylethylthetine  rf-catnphorsulphonate  was  obtained. 
This  has  the  composition: 


8,       , 
C10H16O.SO/    \CH, 

By  decomposing  the  alcoholic  solution  of  this  salt  by  addi- 
tion of  hydrochloric  acid  and  platinum  chloride,  the  platinum 
compound, 


PtCl4, 
CK     NCH, 

is  obtained,  for  which  [#]„  =  +  4  6°  was  found  (^  =  i  34, 
water) 

Resolution  by  Estertfication  or  Sapomficahon. 

The  processes  first  described  are  properly  physical,  as  no  real 
chemical  alteration  follows  in  the  combinations  to  produce 
new  crystalline  structures  Essentially  different  in  principle 
is  a  method  recently  worked  out  by  Marckwald  and  McKenzie.8 

Two  optically  active  antipodes  must,  in  general,  exhibit  the 
same  behavior  in  all  chemical  reactions  But  this  no  longer 
holds  if  the  reaction  takes  place  between  them  and  another 
asymmetric  compound  If  the  change  in  question  is  one 
which,  like  the  formation  of  a  salt,  depends  simply  on  the 
affinity  of  acid  and  base,  no  difference  may  be  observed,  but  on 
the  other  hand,  a  difference  may  be  expected  in  proportion  as 
the  progress  or  direction  of  the  reaction  is  dependent  on  the 
space  relations  of  the  atoms  in  the  molecules  of  the  combining 
substances  In  particularly  marked  degree,  the  formation  of 
esters '  is  a  reaction  of  this  nature.  The  rapidity  of  esteri- 
fication  depends  to  a  remarkable  degree  on  the  structure  of  the 

l  J  Chem  Soc ,  75, 1127. 

t  Pope  and  Peachey:  Ibid ,  77, 1072.  <     • 

s  Marckwald  and  McKenzie ;  Ber  d  chem  Ges ,  32,  2130  (1899) 


n6  RESOMJTION  oi»  RACISM ic  BONIKS 

carbon  chain  of  the  acid.  The  velocity  of  esterifieation  for  the 
acids  of  the  type,  R.CHjCO,!!,,  is  about  twice  as  great  as  fol 
the  acids  of  the  type,  R'R".CH.CO,,H,  ami  much  greater  than 
for  the  acids,  R'R"R'"C.CO.JI, 

These  relations  while  pronounced  in  the  aliphatic  acids  an* 
more  clearly  marked  among  sonic-  of  the  aiomatie  aoitls,  a  fact 
which  was  pointed  out  by  v.  Meyei.1  It  would  appear 
probable,  therefoie,  that  the  velocity  of  esteiifioaticm  of  two 
oppositely  active  acids  with  the  same  optiealh  active  alcohol 
might  not  be  the  same.  This  question,  Muivkwuld  ami 
McKenzie  tested  by  a  simple  experiment.  Equivalent  nmlet 
tilar  amounts  of  rncemic  nuindelie  add  and  menthol  weu- 
heated  for  an  hour  to  155°,  aud  at  the  end  of  the  time,  llu- 
uncombined  acid  was  separated  from  the  leuetiou  piodm  I  It 
was  found  to  be  left-rotating,  fioin  which  it  follows  that 
/-xnandelic  acid  forms  an  ester  with  /  menthol  nioi  e  sl<>\\  \\  than 
df-mandehc  acid. 

In  a  practical  expei nnent  ,s<>  giamsof  /  mandelie  arid  awl 
50  grams  of  menthol  were  heated  to  i.ss"  llnmigh  one  liout 
In  the  reaction  mass  tlie  unchanged  aeid  \\.is  si-pai-ited  1>\ 
dilute  ammonia,  and  (mallv,  altei  sfpuialiiiH  tiaees  ol  thr 
esteis  and  menthol  with  it,  the  in.nulelii*  aeid  was  pieopitaU'd 
by  sulphuric  acid.  The  leeoveied  aeid  \\as  taken  u]>  tout 
pletely  by  ether  tuid  after  evaporation  of  the  elhei  was  found 
to  weigh  33.  H  grams.  The  sped  lie  rotation  was  fouml  ttt  U- 
[a]y>  "  3.3°.  showing  that  it  now  eontained  n.yj  giam  «if 
/-mandelic  acid.  In  the  paper  quoted,  the  uullmis  jK-snihe 
the  .sepaiation  and  identiru-tilioij  of  this  aeid  in  pine  fnnn 

Experiments  weie  then  made  with  the  mixture  of  esters 
and  unchanged  menthol  left  in  ether  solution  after  separation 
of  the  uncombined  nmndelie  aeid.  The  ether  was  t'vnjxjrnted, 
the  lesidue  mixed  with  3.5  gnuns  of  poiansium  hydroxide  in 
solution  and  boiled  some  lumr.s,  This  liquid  wns  evaporated 
and  treated  with  water  to  dissolve  the  potassium  »alt.  The 
solution  obtained  was  heated  to  drive  out  truces  of  menthol, 
treated  with  sulphuric  acid  ami  extracted  with  ether.  In  this 
way  a  mandelic  ncitl  wns  obtained,  as  a  saponiftcation  product, 
and  amounted  to  8.7  grams,  Its  specific  rotation  WM  [»]fi  » 

'  v.  Meyer :  Her.  d,  chein.  «e».(  37,  iSto;  »8,  MM, 
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-+•  3,1°,  indicating  th£  presence  0,164  gram  of  the  af-acid. 

The  remaining  menthyl  ester  was  treated  with  alcoholic 
potash  now  to  complete  saponification  and  the  mandelic  acid 
separated  as  before.  2. 7  grams  were  obtained  and  this  had  a 
specific  rotation  of  [ai]D  —  —  10.4°,  corresponding  to  o  188 
gram  of  /-mandelic  acid. 

The  authors  have  therefore  demonstrated  the  possibility  of 
resolution  by  their  general  processes  They  point  out  further 
that  their  application  may  be  expected  in  the  resolution  of 
racemic  alcohols  rather  than  of  acids,  for  which  the  other 
methods  are  more  convenient. 

3.  Resolution  by  Aid  of  Fungi 

34.  As  already  mentioned  in  §  19  this  separation  depends  on 
the  phenomenon   that  when  in   solutions  of  racemic  bodies 
spores  of  certain  fungi  are  sowed  and  allowed  to  grow,   one  f 
of  the  antipodes  disappears  while  the  other  remains  untouched. 
Only  one  of  the  two  active  forms  is  thus  secured 

A  number  of  general  observations  on  the  mode  of  action  of 
the  fungi  have  already  been  made.  In  this  place  we  are  con- 
cerned with  certain  matters,  which,  inasmuch  as  they  have 
received  but  little  consideration  in  the  chemical  literature,  call 
for  a  detailed  discussion. 

Data  on  the  Fungi  Suitable  for  Resolution      Pure  Cultures  and 
Methods  of  Experimentation 

BY  DR   P   lyiNDNER 

Since,  by  aid  of  pure  culture  methods,  proof  has  been  given 
by  the  biological  work  of  the  last  decade,  that  the  mode  of 
development  of  most  of  the  lower  fungi  presents  a  certain 
constancy  and  is  by  no  means  as  complex  as  was  formerly  sup- 
posed, the  question  of  species  has  again  assumed  greater  im- 
portance and  interest  The  mycologist  of  to-day  will  no 
longer  risk  designating  the  green  growth  on  a  piece  of  bread 
or  orange  peel  as  Pemctlhum  glaucum,  without  previously 
informing  himself  by  microscopic  examination  or  by  cultures. 
It  has  been  found  possible  to  establish  a  large  numNr  pf 
species  which  have  the  green  color  of  the  spore  masses,  in  com- 
mon, but  which  ,in  spite  of  apparent  macroscopic; $' 

i,    ,         .,.  .  '-'    >."'<'..        ."V  ,  •.' "  JflH 
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form    show   distinct    differences    from   a  morphological  and 
biological  standpoint. 

When  one  has  to  refer  to  data  in  the  older  literature  on 
PenialKum  glaucum  he  must  always  feel  uncertain  as  to 
whether  the  author  consulted  had  in  hand  the  organism  now 
so  designated  or  something  else. 

Also  the  statements  concerning  yeasts  in  the  older  literature 
must  to-day  be  received  with  caution.  Wine  yeast,  for 
example,  has  been  often  used  for  splitting  racemic  bodies. 
But  we  know  now  that  common  wine  yeast  may  be  a  mixture 
of  many  different  varieties.  If  some  one  of  these  should  be 
furnished  us  in  the  form  of  a  pure  culture  it  could  happen  that 
a  very  different  result  would  follow  from  a  splitting  experi- 
ment from  one  previously  recorded. 

In  mew  then  of  our  advanced  knowledge  in  the  consideration  of 
the  fungi  the  task  of  studying  each  one  in  isolated  pure  /arm 
and  determining  its  action  on  nutritive  media  becomes  of  the  fir\t 
importance. 

Scientific  aspirations  in  this  direction  are  greatly  advanced 
by  the  fortunate  circumstance  that  there  are  mycologic  insti- 
tutes like  that  of  Krai  (Prague,  Kleiner  Ring)  which  collect 
the  various  species  discovered  and  described  by  different 
authors,  make  pure  cultures  of  them  and  preserve  them  there 
for  sale 

It  remains  then  for  the  experimenting  chemist  to  protect 
the  pure  culture,  as  icceived,  from  infection,  and  to  increase 
it  in  such  a  manner,  that  the  substance  to  be  investigated  may 
be  brought  completely  under  its  action.  It  will  be  explained 
below  how  all  this  may  be  most  conveniently  done. 

As,  however,  there  is  no  difficulty  in  securing  spores  of 
fungi  from  the  air  or  water,  and  bringing  them  into  the  con- 
dition  of  pure  cultures,  one  may  often  proceed  to  a  certain 
degree  independently.  Care  should  be  taken  to  submit  finally 
a  portion  of  the  pure  culture  to  a  mycologist  for  exact  deter- 
mination of  species  before  publishing  the  results  of  investi- 
gations. 

How  may  the  spores  contained  in  the  air,  or  water,  or 
liquid  be  recognized  and  obtained  pure  ?    Suppose  we  wish 
examine  the  air  of  the  laboratory  for  fungi.    We  can 
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crystallisation  dishes  or  glass  cylinders.    TWo  dishes,  one  fit- 
ting over  the  other,  or  a  glass  cylinder  dosed  with  a  plug  of  cot- 
ton, are  placed  in  the  oven  and  heated  two  hours  to  a  temperature 
of  about  150°  C  ,  the  flame  under  the  oven  is  extinguished, 
and  the  glasses  are  allowed  to  cool  in  it.     When  this  is  accom- 
plished, we  allow  the  lower  dish  of  glass  cylinder  (such  a 
cylinder  as  is  used  with  a  specific  gravity  spindle)   to  stand 
open  one  to  two  hours     In  this  time  a  number  of  fungus 
spores  settle  from  the  air  onto  the  inner  glass  surfaces.     On 
account  of  their  minuteness,  these  are  not  visible  to  the  eye, 
and  because  of  their  relatively  small  number,    they   can  not 
be    found    by    a    strong     magnifying    glass    or    with    the 
microscope      But  they  become  distinctly  visible  when  a  proper 
food  is  offered  them,   best  a  nutritive  gelatine.     Most  con- 
veniently beer- wort  gelatine  or  plum-decoction  gelatine  may  be 
prepared      To  i  liter  of  beer-wort  or  plum-decoction  (each 
with  about  10  to  15  per  cent,  of  extract)   about  100  grams  of 
fine  white    gelatine  may  be   taken      The  gelatine  mixture, 
prepared  by  dissolving  at  water-bath    heat   and  filtering,  is 
filled  into  test-tubes  which  are  plugged  with  cotton,  and  then 
exposed  to  steam  heat  one-half  hour(m  a  Koch's  sterilizer) 

The  contents  of  a  test-tube  is  poured  at  a  temperature  of 
20°  to  30°  C.,  into  the  exposed  glass  dish  or  cylinder  The 
first,  with  its  cover  in  position,  after  the  hardening  of  the 
gelatine,  is  placed  in  a  moist  chamber,  that  is,  under  a  bell- 
jar,  the  air  in  which  is  kept  moist  by  wet  filter-paper  or 
by  equivalent  means  The  gelatine  poured  into  the  glass 
cylinder  is  allowed  to  harden  around  the  sides,  which  may  be 
accomplished  by  holding  the  vessel  in  a  nearly  horizontal 
position  and  allowing  cold  hydrant  water  to  flow  over  it,  it 
being  meanwhile  slowly  rotated  to  effect  an  even  distribution 
After  two  or  three  days  a  growth  begins  to  appear  everywhere 
in  the  gelatine  where  the  spores  he  embedded,  and  this  later 
develops  to  a  branching  mycelium.  In  the  majority  of  cases, 
these  mycelia  are  pure,  that  is,  other  organisms  have  not 
grown  m  with  them.  Sufficient  indication  of  this  is  usually 
given  by  ocular  examination  alone.  The  term  'mycelium'  is 
applied  to  the  sum  of  tfre  threads  6r  hyphae  growing  out  of 
the  fungus  spore,  'Vftnle  some  of  these  play  the  part  of 


I2O 


OK   KACKMIC 


rootlets,    others  grow  in  the  air  (so-called  air  hvphnv)  and 
develop  to  fructification  (Kift.  6}.    The  follmvmx  illustration 


.   .      iwi'JW«T«f«.-iiwinwMlniiiilJIciiih,iw,,r«  f«nMr»Wi«  JMuWi««t 
ftoni  the  BI«WI  «.  ./MM  the  fruit  M»m  Hnt|  ,  fht  MH,r«n«<H,i,     Aft  w  I 


gives  a  clear  representation  of  these  relations,    Thin  nliowa  ft 
kmd  of  nmcor  (Mucor  Miwdo)  t  which  may  be  emrfiy 
from  bread,  malt,  hone-dung  and  decaying  fruiu  kept 
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places.  At  a  is  shown  the  developed  spore ;  /is  an  air-hyph,a 
which  at  its  end  is  in  the  act  of  forming  a  spore-case  or 
so-called  sporangium  With  darkening  in  this  spherical 
organ  maturity  is  reached.  If  we  touch  it  with  a  previously 
sterilized  needle,  the  sporangium  skin  breaks  and  a  large 
number  of  spores  cling  to  the  needle.  If  this  is  now  dipped 
into  sterile  nutritive  solution,  a  new  development  of  spores 
begins  similar  to  that  ijust  described.  In  a  few  days  the 
whole  liquid  is  permeated  by  the  fungus  filaments,  and  on 
the  surface,  new  air-hyphse  appear  and  grow  toward  fructifi- 
cation. Figure  7  shows  the  structure  of  the  sporangium  The 
external  wall  or  skin  is  covered  with  numerous  small  crystalline 
needles  of  calcium  oxalate  The  club-like  bunch  shown  in  the 
center  is  the  so-called  columella  (little  column)  ,  it  is  shown 
free  in  Fig  8  after  the  sporangium  has  been  broken  and 
emptied.  The  columella  is  originally  a  simple  transverse  wall 
winch  separates  the  sporangium  from  the  sporangium  stem 
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Fig  7  Mum  Mucedo 


Young  fruit  stem          Fig  8   Old  fruit  stem     Brefeld 


If  in  the  study  of  the  air  a  spore  of  Pemcilhum  glaucum 
had  become  imbedded  we  would  not  observe  as  fine  a  develop- 
ment of  air-hyphse  Fructification  begins  early  and  a  very 
low  turf  only  is  formed  which  becomes  covered  with  masses  of 
white  spores  turning  later  to  bluish  green.  Under  the  micro- 
scope we  can  see  on  the  ends  of  the  air-hyphse  the  growth  of 
lateral  bunches  or  branches  with  finger-like  spore-supporting 
organs,  so-called  sterigmata.  When  a  spore  is  fully  developed 
a  new  one  is  immediately  formed,  which  remains  loosely  united 
to  the  first,  This  process  repeats  itself  and  by  undisturbed 
growth  gives  rise  to  beautiful  spore  chains  resembling  strings 
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of  pearls  and  containing  fifty  or  more  members.     See  Figs.  9 


Fig  9    Pemcillimn Rlaucum     Hypliic.  KIR  10     Piece  of  tihv\unlly  fiiiililvitiK 

(From  Biefeld,  Hot    Uuteis    fiber  Pfiunllium     Mytehu    I'lom  IluliUl 

Schhnmelpil/c,  j     Heft,  1872  ) 

and  10.  Fig.  10  further  shows  that  this  mold,  as  distinguished 
from  Mucor  Mucedo,  contains  transverse  walls  in  the  stem  in 
large  numbers;  m  other  words  the  stems  are  divided 

In  order  to  take  these  spores  from  the  spore  case  by  the  aid 
of  a  needle  this  is  best  dipped  first  in  the  nutrient  medium  01 
in  sterile  water.1  The  spores  are  dry  and  would  not  cling  to  n 
dry  needle  very  well;  but,  as  distinguished  fiom  11  fit  cor 
spores,  they  are  not  moistened  immediately  as  the  contents,  and 
apparently  the  membrane  also  contains  fat.  They  distribute 
themselves  uniformly  over  the  droplet  on  the  needle-point  in 
the  form  of  a  thin  dry  layer.  In  consequence  of  these  pecu- 
liarities this  mold  is  spread  very  rapidly  through  the  air  ;  the 
physiologist  attempting  to  produce  pure  cultures  has  much  to 
fear  from  its  ubiquity. 

In  appearance  and  behavior  Aspergillus  glaucus,  Fig.  11, 
stands  close  to  Penicillinm  glaucum.  Here,  also,  long  spore 
chains  grow  on  sterigmata,  but  the  latter  are  all  situated  on 
club-like  expansions  of  the  undivided  fruit  stalk,  Several 

i  The  distilled  water  of  the  laboratory  is  not  sterile;  it  often  contains  100,000  or 
more  genus  to  the  cubic  centimeter. 


BY  AID  O#  StTNGI 


123 


Fig   II 


varieties  have  also  branched  sterigmata, — > 
the  Sterigmatocysti. 

Frequently  mycelia  develop  on  the  gela- 
tine unaccompanied  by  fructification,  even 
with  Penictlhum  and  Aspergillus  varieties. 
As  broken-off  pieces  of  the  filaments  are  ca- 
pable of  growth,  it  is  sufficient  to  pick  up  a 
little  of  the  mycelium  with  a  needle  and  de- 
posit it  in  a  nutrient  medium 

While  the  common  molds  as  Pemcillium 
glaucum>  Aspergillus  glaucus,  and  others, 
may  nearly  always  be  obtained  from  the 
air,  yeasts  are  found  less  often.  As  these 
find  the  most  favorable  conditions  of  growth 
in  nature  on  sweet  fruits,  it  follows  that 
they  are  mo>st  commonly  met  with  in  the 
autumn.  As  compared  with  the  mold  my- 

Celia,     they     grOW     almost    lllVlSlbly    in    the   (Eurotmrnherbariorum) 

nutrient  gelatine,  and  especially  in  the  form  ^teTKnytwku'c^arts1 
of  small,  white  pmhead-like  colonies  It 
is  only  occasionally  that  one  finds  colonies  that  are  spread  out 
superficially  ;  these  consist  then  generally  of  aerobiotic  mold 
yeasts  It  is  very  difficult,  even  by  the  aid  of  the  microscope,  to 
determine  directly  what  form  of  yeast  one  has  found  In  order 
to  reach  a  certain  comparison  with  forms  already  known,  there 
is  required  usually  a  long  series  of  culture  experiments  which 
may  consume  weeks  or  months  If  one  desires  to  further  culti- 
vate one  of  the  colonies  found  in  the  gelatine  in  a  new  nutri- 
ent solution,  the  inoculation  must  take  place  with  a  sterilized 
needle.  It  is  sufficient  if  only  a  part  of  a  colony  remains 
clinging  to  the  needle,  as  this  much  will  contain  thousands  of 
cells  capable  of  development. 

That  which  appears  to  us  very  strange  in  the  behavior  of 
the  yeasts  is  the  fact  that  physiologically  very  differently 
acting  forms  exhibit  almost  no  differences  in  the  appearance  of 
their  cells,  After  having  mixed  four  or  five  different  varieties 
m  a  little  drop,  we  are  often  no  longer  able  from  the  micro- 
scopic image  to  pick  out  the  separate  cells  The  cell  forms, 
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Figs.  12  to  14,  which  represent  ,5.  ellipsoideus,  may  be  found  in 
a  large  number  of  beer  and  wine  yeasts.  Simple  pictures  or 
drawings  of  the  cells  are  therefore  quite  insufficient  as  a  means 
of  characterizing  a  definite  yeast  variety 


Fig   12  Sacchat .  elhps    Comdia       Pig  13   Satchar  ellifis    Developed  spores.  After 
hi  which  internal  formation.  Brefeld  fiom  F  v.  Tnvcl  •  "Morphologic 

of  spores  has  begun  dei  Pilze."   Jena  iKg2 

The  distinction  between  yeast  cells  in  budding  condition 
offers  the  same  difficulties  as  the  distinction  between  mold 
mycelia  in  which  no  special  seed  forms  have  been  developed 

With  the  yeasts,  besides  b>  bud- 
ding, there  is  a  second  method  of 
fructification  ,  viz. ,  through  the  for- 

Fie  u  Sacdmr  ell  i  pi     Sporangia  ,.         n  "  ,_., 

the  spores  In  which  are  swollen    Illation  01  endogenous  spores.      This 
forgerminauon  Altai  Brefeld       f(ffm  Q£  ^  ^.^  ^    ^^  ^  ^ 

two  illustrations  never  conies  to  development  in  fermenting 
liquids,  and  then  also  on  account  of  its  morphological  simplicity 
it  affords  few  characteristic  points  of  differentiation  to  settle  the 
question  of  species.  In  germination  the  spore  passes  imme- 
diately to  the  budding  condition  again 

In  making  use  of  the  yeast  colonies  obtained  in  air  investi- 
gations it  is  necessary  to  recognize  that  while  in  all  probability 
we  have  secured  pure  material,  a  certain  guarantee  for  it  is 
lacking.  This  can  be  secured  only  by  the  method  introduced 
by  Hansen  of  cultivation  from  a  cell.  With  yeasts  this  method 
of  cultivation  may  be  applied  without  difficulty.  But  with 
the  bacteria  it  often  fails  because  of  their  extreme  minuteness. 
However,  the  colonies  gr6wn  in  gelatine,  as  distinguished 
from  the  yeasts,  present  often  characteristic  color  differences, 
so  that  by  the  eye  alone  a  conclusion  may  be  reached  as  to 
different  forms  present  by  the  simple  variations  in  their  gross 
appearance.  A  greater  variety  in  general  is  observed  also  with 
respect  to  shape  and  size  of  the  vsingle  cells.  By  aid  of  the 
methods  of  pure  culture  it  has  been  found,  as  with  the  yeitstf 
and  molds,  that  what  were  formerly  regarded  as  simple 
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may  be  tesolved  into  several  species.  80,  for  example,  the 
Bacterium  termo  of  ,the  older  authors  is  no  longer  regarded  as 
a  single  species,  but  the  name  is  used  as  a  collective  descrip- 
tion. The  different  varieties  of  Proteus •,  as  P.  vulgaris,  Zenkeri, 
kominis,  exhibit  about  the  same  behavior  that  was  formerly 
given  as  characteristic  of  B.  termo.  For  bacteria  also  the  rule 
is  true  that  it  is  easier  to  obtain  a  pure  culture  than  to  deter- 
mine its  species  N 

From  the  remarks  just  made,  it  appears  clear  that  the 
investigations  of  the  older  authors  & 

on  the  action  of  organisms  on  race-      ^  Jl      ^ 

mic  bodies  must  be  repeated  under  §  fl    Jp 

\i/  BHT 

such  conditions  that  only  pure  cul-    || 

tures  and  germ-free  solutions  may  &?    -. 

be  employed,  and  further  that  care  -p 

must  be  taken  to  prevent  the  ingress  ^^i|oti^r)IM\fter  AC^scehcrm 
of  any  infection  during  the  progress       P"«ssh  jahrb  27,  i  (1895) 
of  the  experiment. 

To  make  a  nutrient  solution  germ-free  is  not  difficult ;  it  is 
simply  necessary  to  boil  it  a  long  time  or  frequently  for  short 
intervals,  the  neck  of  the  flask  being  closed  by  a  wad  of 
cotton.  This  last  may  be  dispensed  with  in  the  so-called 
Pasteur  flask,  the  neck  of  which  is  continued  by  a  long  bent 
tube 

Formerly,  experiments  on  resolution  or  splitting  were 
usually  carried  out  by  mixing  the  racemic  body,  3  to  5  grams 
to  the  liter,  with  nutrient  salts  ,  e  g  ,  with  one  gram  of  potas- 
sium phosphate  and  0.2  gram  of  magnesium  phosphate  In 
working  with  molds,  a  little  phosphoric  or  sulphuric  acid  was 
added  to  prevent  the  rapid  growth  of  bacteria  A  small 
amount  of  the  special  organism  itsed  was  sowed  in  This  must 
then  grow  gradually  and  develop  its  splitting  power.  It 
appears  to  me  to  be  better  to  add  no  nutrient  salts  to  the 
solution  of  the  racemic  body,  but  to  seed  the  organism 
employed  in  larger  amount.  This  should  be  previously  grown 
in  a  specially  good  nutrient  solution  In  the  case  of  yeasts, 
for  example,  the  cells  could  be  cultivated  in  sterilized  wort  or 
wine-must,  the  fermented  liquid  poured  off,  and  the  resfdue 
washed  with  sterilized  and  codled  distilled  water.  To  the 
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vessel  containing  the   racemic   body,  the  so-purified 
material  is  then  added.    The  action  is  much  more  rapid,  and 
the    development  of  accidentally    admitted    germs   avoided. 
Molds  may  be  similarly  separated  from  the  nutrient  solution. 
But  tlie  preparation  of  an  active    bacterial    sediment   offers 
greater  difficulties.     I  employ  for  this  purpose  long  glass 
tubes,  5  or  6  centimeters  wide,  narrowed  at  each  end,  which  are 
completely  filled  with  the  turbid  nutrient  solution  and  placed 
in   a  horizontal  position     The  sediment  finds  now  a  large 
surface  for  settling  and  collects  here  as  a  relatively  firm  layer 
which  almost  wholly  remains  when  the  liquid  is  poured  away. 
The  sterilization  of  the  tube  is  effected  by  steaming  and  sub- 
sequent addition  of  a  sterilized  cotton  plug      The  nutrient 
solution   poured  off  from   the  sediment     (accomplished  b> 
forcing  air   in    through  the    cotton  filter),  may  be  replaced 
directly  by  the  solution  of  the  racemic  body      After  sufficient!} 
long  action  the  liquid  may  be  drawn  off  and  fiesli  added 
This  arrangement  of  the  experiment  which  would  be  suitable 
also  for  yeasts  and  molds,  as  the  air  necessary  for  the  growtl 
of  the  organisms  may  easily  be  forced  in  through  the  cottoi 
filter,  permits  continuous  operation  to  a  certain  degree      Witl 
the  molds,  the  tube  should  not  be  quite  filled  with  liquid,  bu 
an  air  space  should  be  left  in  which  an  active  mold  surfao 
may  be  formed     With  these  conditions  it  is  likely  that  th 
solution  under  experiment  could  be   allowed  to  flow  throng] 
slowly  and  continuously     The  action  here  should  be,  for  tin 
reason,  a  very  rapid  and  complete  one,  as  organism  and  liqui 
offer  a  large  contact  surface. 

Information  concerning  the  preparation  of  nutrient  soli 
tions  and  nutrient  gelatine,  the  sterilization  of  vessels  an 
liquids,  the  production  of  ptire  cultures  and  the  further  cult 
vation  of  the  same  in  larger  apparatus  on  the  technical  scale  ma 
be  found  in  the  work  of  Lindner :  ' '  Mikroskopische  Betriebi 
controls  in  den  Gahrungsgewerben  mit  einer  Einftihrung  i 
die  Hefereincultur,  Infectionslehre,  und  Hefenkunde.  M 
vier  I/ichtdrucktafeln  und  105  Textabbildtmgen.  Verlaj 
Paul  Parey,  Berlin."  On  molds  and  their  cultivation  muc 
infdrrnation  will  be  found  in  the  work  of  Wehiner :  "  Beitraj 
zur  Kenntniss  einheimischer  Pilze. ' '  In  Part  I,  the  citric  aci< 
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producing  molds  are  discussed  and  the  green  molds  thus  far 
described  of  the  genera  Aspergittus  (JSurofium)  Sterigmato- 
cystist  Pemnllium  and  Citromyces  are  compared  in  tabular  form. 
Part  II  treats  specially  of  the  rotting*  of  fruit  and  the  varieties 
of  fungi  which  grow  preferably  on  or  in  solutions  of  organic 
acids.  Part  III  (which  has  not  yet  appeared,  1898)  will  con- 
tain a  monograph  of  the  genus  Aspergillus  Part  I  was  pub- 
lished in  1893  by  Hahn,  Hannover  and  Leipzig,  the  following 
parts  by  Gustav  Fischer,  Jena  Finally,  attention  must  be 
called  to  the  book  by  Zopf,  "Die  Pilze,"  Breslau,  1890,  pub- 
lished by  Edward  Trewendt,  as  the  chapter  on  physiology  has 
been  well  worked  out 

To  chemists  who  wish  to  concern  themselves  with  the  study 
of  racemic  bodies  it  may  be  recommended  to  visit  fermentation 
laboratories  such  as  are  found  in  Berlin,  Munich,  Vienna, 
Copenhagen,  New  York,  Chicago,  and  elsewhere  It  may  be 
possible  to  obtain  from  these  even  large  quantities  of  pure 
cultures  of  yeasts  or  fungi  materials 


According  to  a  compilation  by  Winther1  the  following  active 
forms  have  been  obtained  by  the  aid  of  fungi 

l-Tartanc  acid  by  Pasteur*  from  ammonium  racemate  by 
addition  of  a  .spontaneously  fermented  ammonium  tartrate 
solution,  and  then  by  aid  of  Pemallium  glancum  ^ 

d-Tartanc  and  was  obtained  by  Lewkowitsch4  by  the  action 
of  an  unidentified  schizomycete  (vibrio},  occurring  in  impure 
Pemcillium  cultures,  on  ammonium  racemate 

l-Glyceru.  aad  from  the  racemic  ammonium  salt  by  aid  of 
Penicilhum glaucum  (L/ewkowitsoh)  5 

d-Gly eerie  aad  was  obtained  by  Frankland  and  Frew6  from 
jr-calcium  glycerate,  to  whose  solution  peptone,  salts  and 
calcium  carbonate  were  added,  by  the  action  of  Bacillus 
ethaceticus.  Left-rotating  calcium  glycerate  is  produced  which 
yields  right-rotating  free  glycenc  acid  by  treatment  with 
oxalic  acid.  After  long  heating  on  the  water-bath,  solutions 

i  Winther  Ber  d  chem  Ges  ,  a8,  3022. 

a  Pasteur:  Compt  rend  ,  46,  615  (1858). 

a  Pasteur    Ibid  ,  31,  898  (1860) 

4  I^ewkowitsch;  Ber  d  6he»  Ges.,  16, 1572. 

»  I^ewkowitscli:  Ibid ,  id,  2720.  - 

a  Frankland  and  Frew:  J.  Chem  Soc ,  59,  96 
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of  the  acid  yield  a  slightly  soluble  left-rotating   anhydride. 

d-Ladic  acid  was  obtained  by  Lewkowitsch,1  also  by 
I/mossier"  from  fermentation  ammonium  lactate  by  the  action  of 
Pemcilhum  glaucum  P.  Frankland  and  MacGregor8  observed 
the  formation  of  left-rotating  calcium  lactate,  which  furnished 
the  right-rotating  free  acid,  in  the  spontaneous  fermentation 
of  solutions  of  the  racennc  calcium  salt  to  which  calcium  car- 
bonate, peptone,  and  nutritive  salts  had  been  added  Sarcolactic 
acid  rotates  to  the  left. 

d-Ethoxysuccimc  add  was  obtained  by  Purdie  and  Walker* 
from  the  r-ammonium  salt  by  Pemcilhum  glaucum.  The  salts 
also  are  right-rotating. 

l-Aspartic  add. — A  moldy  solution  of  the  ;--acicl  in  the  air 
becomes  left-rotating  (Engel).5 

l-Glutaminic  acid  split  off  by  Penicilhum  glancitm  (Schulze 
and  Bossliard,"  Menozzi  and  Appiani)  .7 

Active  leucmc,  rotating  to  the  right  in  water,  and  to  the  left 
in  hydrochloric  acid  solution,  was  obtained  from  the  racennc 
product  by  Schulze  and  lyikiernik8  by  the  aid  of  Penuillntm 
glancum,  the  racemic  compound  having  been  formed  by  the 
action  of  hydrocyanic  acid  on  isovaleraldehyde  ammonia  It 
was  obtained  also  from  the  r-conipouncl  produced  from  fer- 
mentation of  caproic  acid  (Schulze)  " 

By  the  use  of  beer  yeast  the  following  have  been  obtainec1 
from  racennc  sugars. 

l-Gtucose  (E.  Fischer),10 
I'Mannosc  (E.  Fischer) ," 
l-Galadosc  (E.  Fischer  and  Hertz))" 
l-Fruciose  (E.  Fischer).1'1 

1  I/ewkowllsch    I)u.  d.  chem,  Oea,  16,2720, 

a  lyinossier    Hull.  Soc  Chim  ,  [3],  6, 10 

•i  Frauklaurl  find  MncOregor !  J.  Chem.  fioc  ,  63,  1028. 

•i  Furclle  and  Wtilkei  •  Ibid ,  63,  sag. 

B  Engel  •  Compt.  rcud.,  io<},  1734. 

«  Schulze  and  Bosblitird  •  Ktscbr  physiol  Chem  ,  10, 143. 

T  Meuozaiand  Appiani  •  Chem.  Centrhl.,  1894,  i,  674. 

*  Schulze  and  Ijkiernik :  Her.  cl,  chem.  Oes.,  94,  671. 

»  Sclmlsse  •  Ibid  ,  26,  56  ;  Xtsclir.  physiol.  Chem.,  10, 138. 

111  Fischer:  Ber.  d.  chem  Ges.,  33,  «6ao 

»  Fischer-.  Ibid  ,  23,  383. 

la  Fischer  and  Hertz:  Ibid,,  as,  IJSQ. 

18  Fischers  /*&.,  33,  389  ;  37,  3031,          •* 
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1-oL-Propyleneglycol  was  formed  in  a  3  per  cent,  aqueous 
solution  of  the  racemic  compound  made  from  glyceric  acid 
after  sowing  an  impure  fungus  culture  from  cheese,  in  which 
Bacterium  termo  was  abundantly  present.  The  preparation  must 
be  perfectly  freed  from  empyreumatic  matters  Propionic  and 
lactic  acids  were  found  as  products  of  the  fermented  part(L-eBel) . l 

The  following  active  alcohols  have  been  made  from  dilute 
aqueous  solutions  of  the  synthetic  preparations  and  all  by  aid 
of  Penicilhum  glaucum 

l-Methylethyl  carbmol    (Combes  and  Le  Bel),a's 
l-Methyl-N-propyl  carbinol  (I^e  Bel),8 
l-Methylbutyl  cardinal  (Combes  andLeBel),2 
d-Ethylpropyl  carbmol^ Combes  and  lye  Bel),2'8 
d-Methyl-N-amyl  carbmol  (I,e  Bel )  8 

d-Methylethyl  carbincarbinol  was  obtained  through  fungi 
from  a  mixture  of  r-  and  /-amyl  alcohol  with  destruction  of  the 
latter  (I,e  Bel)  4 

d-Mandelic  add  was  obtained  by  L,ewkowitsch5  by  addition 
of  a  few  spores  of  a  pure  Penicilhum  culture  to  a  solution  of 
3  grams  of  the  r-ammonium  salt  in  a  liter  of  water  containing 
i  25  grams  of  nutrient  salts  with  a  little  sulphuric  or  phos- 
phoric acid  and  carefully  sterilized 

l-Mandehc  acid  was  formed  in  nine  out  of  twelve  experi- 
ments by  application  of  an  impure  PemciJhum  culture,  in  which 
5  ellipsoideus  and  an  undetermined  fungus  (vibrio?)  were 
filially  recognized  in  the  liquid  (I,ewkowitsch).8  The  acid 
from  amygdalin  is  left-rotating. 

d-Cinnamic  add  dichloride  has  been  separated  by  aid  of 
Aspergillus  fwnigatus  and  also  by  yeast  (Stavenhagen  and 
Finkenbemer).7 

l-Isobutylpropylethylmethyl  ammonium  chloride  was  obtained 
by  Le  Bel8  from  the  synthetic  compound  by  use  of  %.Penicillium 
culture  which  was  not  quite  pure. 

i  Le  Bell:  Bull.  Soc  Chim.,  [3],  9,  678,  Compt.  rend.,  pa,  53? 
'    B  Combes  and  Le  Bel ,  Bull  Soc  Chun  ,  [3],  7,  551 
*X,eBel:  Ibid,,  [33,9,676. 
*  LeBel  •  Compt  rend ,  87,  313 
»  Lewko^tsch .  Bar  d.  cheoi,  0es  ,  15.  i$°5 ;  16, 1369 
6  Lewkfivntsoli  {  Ber  d,  cfaeoi  Ges ,  16, 1571, 
i  Stavenhfcgeri  fcrid  »in^enbeiner  tier,  d;  clem  Oes  ,  47,  456       ^ 
8  X,e  Beli  Compt,  tend,,arrfl>  735. 

9     .          '-*       <  v  "  '  -  !  " 
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j  E.  Formation  of  Active  Isomers 

35.  i.  From  Inactive  Materials.  Artificial  Preparation  of  Active 
Compounds. — The  phenomenon,  that  active  bodies  as  occurring 
in  nature  were  always  found  to  be  inactive  when  prepared  syn- 
thetically, led  formerly  to  the  opinion  that  substances  endowed 
with  the  power  of  optical  rotation  could  be  produced  only 
within  the  animal  or  vegetable  cell.  This  view  which  was 
maintained  particularly  by  Pasteur1  had  to  be  abandoned  when 
in  1873  Jungfleisch"  succeeded  in  producing  tartanc  acid  coin- 
!  pletely  by  synthesis,  starting  with  etliylene  which  was  con- 

! ,  verted  into    the   dibromide,  ethylene  cyanide,  succinic  acid, 

dibromsuccinic  acid  and  finally  racemic  acid,  which  was  split 
up  into  active  components.     Since  it  has  been  recognized  that 
i ,  the  inactivity  of  asymmetric  synthetic  compounds  depends  on 

1 !  /»  their  racemic  structure,  many  of  them  have  been  produced  in 

i1 '  active  forms.     Among  such  which  are  found  in  nature,  conine 

',  may  be  especially  referred  to,  the  complete  synthesis  of  which 

|,  was  accomplished  by  I^adenburg  in  the  following  manner '' 

;, l  Starting  with  acetic  acid  tins  is  converted  into  acetone,  isopro- 

,  pyl  alcohol,  glycerol,  allyl  bromide,  trimetliyleiie  bromide,  tn- 

,ii  methylene  cyanide,  pentamethylene  diamine,  piperidiue,    pyri- 

;!j  dine,    a-picoline,    ar-allyl  pyiidine  and   finally   into    a-propyl 

1  piperidiue  =  r  conine,  from  which  by  splitting  with  tartanc 

1  \  acid  the  rf-forni,  identical  with  the  natural  conine,  is  secured 

(l  t  A  special  method  for  the  synthesis  of  active  compounds, 

,;  |  -  has  recently  been  tried  by  Boyd*  as  he  attempted  to  determine 

i  |  whether,  when  asymmetric  bodies  were  formed  in  a  magnetic 

I'  I  field,  one  of  the  antipodes  would  not  be  predominant,  leaving 

l!i  the  product  endowed  with  rotating  power  and  not  racemic. 

",1      •  Benzoyl  formic  acid   was   converted   into   mandelic  acid  by 

1 ;  r   treatment  with  sodium  amalgam  in  vessels  kept  in  a  magnetic 

I  field  of  7,000  to  8,000  C.  O.  S.  units,    but  it  was  found  that 
;';                    the  product  was  quite  inactive,  and  also  when  the  reaction 
'/                    was   carried  out  in  presence  of  active    substances,  such    as 

d-tartaric   acid  or  /-mandelic  acid.     I/ikewise,  in  the  bromi- 
|  nation  of  stilbene,  racemic  stiibene  bromide  was  formed.    The 

I 1  i  Pasteur:  Compt.  rend  ,  81,  128. 

i ,  9  Jungfleisch:  Bull.  Soc.  Chun,  [a],  19,  194;  Compt.  rend.,  76,  386. 

I ,  *  kadenburg:  Ber.  d.  chem.  Oca,,  aa,  1403;  Ann.  Cheat.  (Lieblg),  947,  So. 

*  Boyd ;  luaug,  Dissertation,  Heidelberg,  1896. 
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magnetic  rotation  to  which  the  molecules  are  subjected  during 
formation,  leaves  no  permanent  result.  J 

Relative  to  the  synthesis  of  active  substances,  these  con- 
ditions follow  from  the  doctrine  of  asymmetric  carbon  atoms       i 
as  first  pointed  out  by  van't  Hoff  (Chimie  dans  1'espace,        \  ' 
1875,  p.  20-28)  • 

a.  If  a  compound  formed  from  a  symmetric  substance  has 
but  one  asymmetric  carbon  atom,  then  a  single  racemic  body 
always  results.     The    same    is    true  when  the  molecule  of  a 
resulting  active  compound   contains  two  asymmetric  carbon 

^  atoms,  but  consists  of  two  similar  halves.  For  example,  from 
succmic  acid  only  one  racemic  dibromsuccmic  acid  may  be 
made. 

b.  If  a  molecule  containing  two  asymmetric  carbon  atoms, 
but  not  consisting  of  two  similar  halves,  is  derived  from  an 
inactive  substance,  the  production    of    two  racemic  pairs  is 
possible,   the  splitting  of  which   must    lead    to  four  active 
isomers      It  is  not  necessary    that    the    two  racemic  bodies 
should  be  forlned  in  equal  amounts,  but,  because  of  different 
degrees  of  stability,  the  formation  of  one  may  be  favored,  and 
that  of  the  other  entirely  suppressed. 

For    example,  cmnamic  acid,  C8H6CH  =  CH.CO!!H,    may 
yield  the  following  cmnamic  acid  dibromides  . 
CuHB  C»H5 


First  racemic  body.  Second  racemic  body 

According  to  lyiebermann  and  Hartniann,1  the  inactive 
bromination  product  of  cinnamic  acid  does  not  probably  con- 
tain the  two  racemic  pairs,  but  only  one,  the  splitting  of  which 
up  to  the  present  time  has  led  to  antipodes  with  rotations, 
[«]vD  =  H-55°  and  —  41°.  The  other  racemic  compound  has 
been  obtained  by  I/iebermann8  by  bromination  of  the  labile 
allocinnamic  acid,  and  decomposed  approximately  into  com- 
ponents with  [a]  =  +  64°  and  —71°. 

1  Jyiebennann  and  Hartmann :  Her  d  cheat  Ges,,  ad,  1664 
3  I,iebermaim  ,  Ibid,,  37,  2937, 
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36  __  3,  From  Active  M*terUIi.  —  The  following  cases  may 
appear  : 

a.  A  body  with  onf  asi'mmrttft  wthw  <*Aw*  w«i«  be  wnvetttd 
into  a  compound  with  two  Mt<l<  atoms,  AccurdiitK  it>  the  van  'I 
HoftVLc  Bel  theory,  an  active  molecule,  CU.RjR.R,,  whom* 
right-rotating  configuration  is  shown  by  I  U*low,  muni  furnish 
two  iKomeric  products,  J«  nwi  Ifi,  which  are  not 


antipodes,  by  the  introduction   of  tliv    Krmtji,    Rs    c—  H,, 


They  pooHess,  therefore,  different  pmjK'rties,  umi  ltluy  \w  j,ru 
duced  in  unequal  amounts,     Likewise   from  the  left  rututmg 

coufigimitian,  II,  the  m»t"tmtijH«le  istnnvis,  H«  uiul  HA  aie 
fonned  : 

I,  la.  ifi. 
R,                   U,  H, 

R4    0    Kj        K,    C    R,  H4    i'     U, 

Ri              Ri    C     UB  U,    C     H, 

R<  H, 

II.  lit/.  1IA 

K,                     R,  R, 

1                      !  i 

R»    C    R,         R,    C     K,  K,    C 


In  this  eii.se  the  oriKhml  ri^ht'  or  left 
does  not  yield  it  rnmuie  Imtly  l»y  the  chemical  chimxc.  hut 
mixture  of  two  furtive  iMisucrn  which  miwt  \K)*i*em  unetjuaJ 
rotating  powew.    The  rcliiticiiw  arc  therefore  differein  from 
what  they  are  in  the  synthe**?*  from  inactive  lxx!it», 

Among  the  titnive  four  tamer*,  each  two  form  true  antipodes  ; 
m.,  U  with  lUt  mid  14  with  II*  ,  which  may  be  combined 
tofornitworacemic  compounds,  A  mixture  of  thine  two 
last  must  result  when  the  racemic  form,  I  +  II4  of  the  original 
substance  in  subjected  to  the  chemical  reaction,  the  final 
product  being  then  inactive. 

As  a  matter  of  course,  the  case  remains  the  name  If  th*  am 
asymmetric  carbon  atom  is  produced,  aot  through 


but  from  om  of  the  symmetric  carbon  atoms  already  pmmt     ,   Cf 
in  the  molecule.  T;I 

The  above  relations  pointed  out  by  van't  Hoff,  may  be 
expressed  in  the  following  manner  if  the  two  asymmetric 
groups  in  the  four  isomers  be  represented  by  ±  A  and  ±  B  : 

The  original  -{  compound  furnishes  the  bodies:     /  +  "4  "+"  •? 

1+  A  —  a 

"       "        -  compound        "         "       «        S  —  A-+-  # 

I  —  ^j  —  —  ,/» 

and  the  two  pairs  of  antipodes  are: 

\  A  +  *\         .    +A  •  S 
A    -R\     and      -4  +  £ 

If  the  specific  rotations  of  the  four  isomers  are  known,  the 
rotating  powers  of  the  groups  A  and  B  may  be  calculated. 

These  theoretical  predictions  have  been  frequently  coo  firmed 
by  experiment.  If,  for  example,  limonene  be  converted  into 
the  nitiosochloritle  001111)01111(1,  C,,,U1(,.NOC1,  by  treatment 
with  nmyl  nitrite  and  h\  diochloric  acid  with  addition  of  acetic 
acid,  which,  with  great  probability,  gives, 

CII,        CIIj  Oil,  OH, 

\^  \> 

c  c 

*cn  *cn 

HjC      en,  iijC     cir» 


H,C        CII  H,C        CII.NO 


H,C 


C  *CC1 

OH,  CII, 

Limonene.  Umonetienltrosocliloride. 

there  are  always  formed  from  the  latter  substance,  according  to 
Wallach,'  two  isomers  (a  and  /?)  which  may  be  easily  sepa- 
rated by  their  different  solubilities  in  ether.  There  results 
from 


The  two  ar-compounds  on  the  one  hand,  and  the  two  ^-com- 
pounds on  the  other,  represent  optical  antipodes, 
Aao.  Chwa.  (I4«Mf),  a«a>  108$ 
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In  the  reaction  the  a-nitrosochlorides  are  formed  in  larger 
amounts  than  the  /3-products,  the  first  crystallize  in  well- 
formed  monosymmetric  prisms  which  dissolve  easily  in  ether, 
but  decompose  quickly  on  keeping;  the  latter  are  finely  crys- 
talline, difficultly  soluble  in  ether,  and  much  more  stable. 
Chemically  the  a-  and  /?-isomers  behave  m  a  similar  manner; 
the  latter,  however,  in  benzene  solution  show  a  double  molec- 
ular weight  (Wallach).1 

Dipentene  (af-/-lunonene)  is  an  inactive  product  which  is  a 
mixture  of  two  racemic  bodies  (Wallach).2 

Of  the  two  asymmetric  carbon  atoms  in  the  limonene  nitroso- 
chlorides,  one  may  be  easily  destroyed.  This  happens  when 
each  compound  is  treated  with  alcoholic  potash  solution  by 
which,  with  loss  of  H  +  Cl,  they  become  transformed  into 
carvoxinies,  C10H14  NOH  : 


CH 


Y 


*C 

H2C        CH2  H2C        CH, 

H,C        CHNO  HC        C-NOH 

\/  V 

*CC1  C 

CH,  iff, 

lAuionenenitrosochloricle.  Carvoxune 

The  carvoxime  appears  only  in  two  forms  (d  and  /),  and 
therefore,  from  the  a-  and  /3-mtrosochloride  of  the  same  kind, 
the  same  product  must  lesult.  This  was  found  by  Wallach* 
to  be  the  case,  a  change  in  the  direction  of  rotation  following: 

From  +  {  £«itrosochloricle  j  regults  __  carvoxime  [a]z,  -^  __  39<3) 


} 


+  carvoxime     "—  +  39,7. 


b.  If  in  a  body  which  contains  several  asymmetric  carbon  atoms  v 
the  number  of  the  latter  be  increased  by  one,  the  same  conditions 
which  have  just  been  discussed  must  obtain,  —the  new  substance 

1  Wallach:  Ber.  d.  chem.  Ges.,  a8,  1308. 
*  Wallach  *  Ann.  Chem,  (Mebig),  370,  175. 
«  Wallach  :  Ibid.,  346,  237. 
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must  exist  in  two  isomeric  forms.  E.  Fischer1  has  furnished 
the  experimental  proof  of  this  as  he  found  that  from 
tf-glucoheptose,  C7HWO7,  ([0?]^=—  19.7°,  c  =  lo,  water) 
two  different  glucooctonic  acids,  C8H16Q9,  anay  be  obtained  by 
the  cyanide  reaction,  of  which  the  one,  as  lactone,  has  the 
rotation,  {a\D  =  -f  45.9°,  and  the  other  +  23.6°  (in  water, 
c  =  10)  In  these  cases,  it  has  been  well  established  that  the 
configuration  formulas  are . 

COOH  COOH 

CHO  H— C— OH  HO— C— H 

H— C— OH          H— C— OH      H— C— OH 
H— C— OH          H— C— OH      H— C— OH 

HO— C— H  HO— C— H  HO— C— H 
H— C— OH          H— C— OH      H— C— OH 
H— C— OH          H— C— OH      H— C— OH 

CH2OH  CH2OH  CH-jOH 

a-Glucoheptose  Glucooctonic  acid. 

In  the  same  way  two  isomeric  rhamnohexomc  acids, 
C7HUO7,  whose  lactones  have  the  rotations  \_a\D  —  -f  83.8° 
and  +43  3°,  are  formed  from  rhamnose,  C6H12O5  (Fischer  and 
Piloty)  *  On  the  contrary  from  mannose,  C6H12O8,  by  aid  of 
the  cyanide  reaction,  only  one  of  the  mannoheptonic  acids, 
C7HUOH,  could,  be  obtained ,  rf-mannose  furnished  a  left- 
rotating  acid  lactone  ([a]D  =  — 74.2°),  /-mannose  aright- 
rotating  ([a]ZJ=-|-75  2°)  The  two  corresponding  antipodes 
were  therefore  formed  which  united  to  produce  a  crystalline 
compound.  This  case  shows  that  the  formation  of  one  of  the 
two  possible  isomers  may  be  particularly  favored  (Fischer,* 
Smith,*  Hartmann)  6 

c.  Increase  of  the  number  of  asymmetric  carbon  atoms  takes  place 
also  by  the  combination  of  active  bases  with  active  acids ,  in  which 
case  two  pairs  of  antipodes  with  different  properties  must 

1  Fischer    Ann  Chem  fciebig),  370,  64 

•  Fischer  and  Piloty    Ber  d  chem  Ges ,  33,  3104 

8  Fischer  and  Hirachberger .  /&«*.,  33,  370 ,  Fischer  and  Passmore  Ibid  ,  33, 
2226 

*  Smith    Ann.  Chen)  (I/ieblg),  373, 182, 
6  Hartmann    /tod.,  373,  £90, 
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result.  Of  salts  of  this  kind,  the  following  have  been  made  • 
Marckwald1  has  combined  d-  and  /-<*-pipecoline  with  d~  and 
/-tartaric  acid,  forming  acid  tartrates,  the  water  of  crystalli- 
zation, melting-points,  and  crystalline  forms  of  which  he 
determined.  He  did  the  same  with  the  salts  from  racemic 
acids  and  bases.  The  results  were 

Melting-point 

Water  of  Anhy- 

crystalU-  Hydrated  dious 

zation.        Crystalline  form  salt         salt 

+  Tartancacid4-Pipecolme|2mo]   f  h™™£^us    I    65-      m- 
~  J  (.  enantiomorphous  J     °°        II2 

4-  "        -       "          IT     ..  ?  45-      126° 

—  "        +        "          J1  46°        ~ 

r-  "        r-       "  I    "  moiiocliuic          85°       — 

The  acid  tartrates  of  d-  and  l-hmonene-a-nitrolbcnsylannne, 
C10H1C.NO.NH  CH2C0HB)  were  examined  by  Wallach  and 
Conrady2  with  respect  to  their  rotation.  The  solutions  in 
aqueous  alcohol  contained  0.97  to  i  38  per  cent  of  salt 

J"  -f-  tartauc  acid  +  base,  [a]D  —  —  49  9° 
\—  "        -     "        "  =  +  51.0° 

/  +  "        —     "        "  =  +  69  6C 

\-  "        -I-     "        «=_699° 

From  this  the  rotations  follow  : 

H-  base  —  —  60°  -f  acid  =  +  10° 

_    «    —  -|-  60  —    "    =  —  10° 

In  the  two  bases  a  change  of  rotation  follows  on  combination 
with  tartaric  acid. 

The  following  observations  have  been  made  by  Fileti"  on 
salts  of  d-  and  /-isopropylphenylglycolic  acid  ( [a]  D  =  =b 
I35°)  with  quinine  and  cinchonine  : 

Meltxug-polnt          [«]/) 

+  Isopropylphenylglycolic  acid  —  quinine,     192-193°  —    79.4° 

-          -       "          204-205  -  118.4 

+          "          "       "  "     4-  cinchonine    201  4-136.8 

-  "         "      "         "    4-        "          167  4-   83.4 

From  this  the  differences  in  the  two  not-antipodic  isomers  are 
apparent. 

1  Marck-wald ;  Ber.  d.  chem.  Gea.,  39,  43. 

a  Wallach  and  Conrady  •  Ann.  Chem.  (Ueblg),  aga,  148. 

a  Pileti :  Gazz.  ohim.  Ital.,  aa,  II,  395 ;  Ber.  d.  chem.  Ges.,  a6,  IV,  89. 
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37 . — 3.  Formation  of  Active  Bodies  in  the  Animal  or  Vegetable  Cell, 

— In  the  production  of  asymmetric  bodies  in  the  vegetable 
cell  from  inactive  materials,  it  might  be  expected,  as  in 
artificial  syntheses,  that  the  two  antipodes  would  be  formed 
and  racemic  bodies  result.  Secondly,  it  might  be  possible  that 
of  the  different  configurations  of  a  molecule,  several,  or  indeed 
all  might  be  formed  at  the  same  time.  As  far  as  experience 
has  shown,  up  to  the  present  time,  however,  of  such  possible 
plant  isomers,  only  one  is  produced,  and  this  generally  one  of 
the  active  forms.  Of  the  hexoses  only  the  right-rotating 
^-glucose,  of  the  ketoses,  only  the  left-rotating  fl?-fructose 
appears  (E  Fischer),1  of  the  four  tartaric  acids,  only  the 
active  right-rotating  form  The  same  thing  is  seen  in  whole 
groups  of  vegetable  substances,  such  as  the  bitter  principles 
and  alkaloids,  which  have  all  been  found  in  one  of  the  two 
active  forms  only  In  the  turpentine  oils  from  the  different 
species  of  pine,  as  well  as  in  other  ethereal  oils  there  is  found 
either  af-pmene  and  aMmionene,  or,  on  the  other  hand,  /-pinene 
and  /-lirnonene  ,  but  at  the  same  time  dipentene  may  also  be 
contained  in  them,  and  we  have  here  a  case  of  the  formation 
of  a  racemic  body  in  the  plant 

A  suggestion  of  the  manner  in  which  new  active  bodies  may 
be  made  from  others  already  present  in  the  plant-cell  has  been 
given  by  E  Fischer  s  This  is  based  on  the  fact  that  m  the 
artificial  building  up  of  sugars  from  others  of  a  smaller 
number  of  carbon  atoms  by  aid  of  the  cyanhydrm  reaction,  the 
once  existing  asymmetry  of  the  molecule  is  further  continued. 
Imagine,  for  example,  the  conversion  of  mannose  by  the 
addition  of  cyanhydric  acid  three  times  into  mannononose,  and 
this  then  so  split  up  that  the  original  hexose  would  be 
reproduced,  then  the  second  compound  with  three  carbon 
atoms  would  be  also  an  active  system  ;  the  first  active  molecule 
has  produced  a  second  one.  In  the  same  manner  from  the 
active  substances  in  the  chlorophyl  grains,  which  are  held  by 
vegetable  physiologists  to  be  the  seat  of  the  formation  of 
sugar,  this  latter  body  could  be  formed  by  the  taking  up  of 
carbonic  acid  or  formaldehyde,  condensation,  and  final  splitting 

1  E  Fischer  i  $er.  d,  qfcew  Ges,<  37,  3^30. 

2  Q  Fischer    Ibid ,  97, 3231^       ••       •  \ 
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off.  As  sugar,  in  turn,  is  tivsecl  by  the  plant  in  the  formation 
of  other  organic  substances,  these  furnish  the  material  for  the 
production  of  new  chlorophyl  grains  which  again  build  »j> 
sugar,  and  'thus,  a  direct  and  continuous  creation  of  asym- 
metric molecules  takes  place.  Similar  views  have  been 
expressed  by  Stohmann.1 

In  what  manner  the  first  active  substance  is  formed  in  the 
plant-cell  can  not,  of  course,  be  explained,  nor  also,  the  reason 
why  in  one  body  the  formation  of  a  right-rotating  and  in 
another,  of  a  left-rotating  modification  is  preferred.  Tin- 
assumption  that  both  forms  are  simultaneously  produced  and 
one  immediately  destroyed,  that  is,  used  to  build  up  othi-i 
substances,  appears  untenable,  as  the  last  piocess  conld  not 
take  place  momentarily,  and  racemic  bodies  should  then  lit- 
found  in  part  in  plants,  which,  as  remarked  above,  is  xviy 
seldom  the  case, 

In  the  animal  organism  which  is  formed  mainly  of  as\  m 
metric  substances,  and  receives  such  as  food,  the  production  at 
new  active   compounds    by    addition  and  decomposition  can 
follow.    With    this,    there  is   the  possibility   that    inm*tiu> 
bodies  present  may  take  part  in  the  changes,  and  so  be  run- 
verted  into  active  substances     This  is  shown,  for  example,  hv 
the  observation  that  brombenzene  taken  into  the  organism  tip 
pears  in  the  urine  as  active  broinplieiiylnicrcapturic  aeid.J 

It  is  remarkable  that  the  proteicl  bodies  of  the  animal 
kingdom,  and  also  of  the  vegetable,  show,  without  exception, 
left  rotation.  On  the  other  hand,  the  bile  acids  nearly  till  ro- 
tate  to  the  right. 

F.  Transformation  of  the  Active  Isomers 
38.  Reciprocal  Transformation  of  the  Antipodes.  —  A  general 
method  by  which  active  bodies  may  be  half  converted  into 
oppositely  rotating  antipodes  consists  in  converting  them  into 
racemic  forms  and  splitting  these.  In  this  way  Uwkowitsch* 
obtained  from  /-mandelic  acid  the  rf-add.  Piutti4  by  treating 

i  Stohmann    ztsohr  f  Biologic,  Jahrg.,  1894. 


8  Uwkowitsoh:  Ber.  d.  chein.  Ges  ,  i$,  3733. 

*  Piutti  Gaz.  chim  ital  ,  17,  126;  Jahresbericht,  (1887),  1664, 
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«?-asparagine  with  alcohol  and  hydrochloric  acid  obtained  the 
racemic  monoethyl  ester  of  aspartic  acid,  from  which  by  treat- 
ment with  ammonia  he  obtained  asparagine  again  in  the 
racemic  form,  and  this  was  finally  split  by  crystallization. 
This  method,  however,  has  but  a  limited  application  because 
with  a  large  number  of  substances  racemization  can  be  brought 
about  with  difficulty  or  not  at  all. 

A  quite  distinct  process  for  the  transformation  of  the  anti- 
podes was  applied  by  Walden1  in  the  case  of  malic  acid.  By 
treating  the  common  /-acid  ([fx\0  =  —  5°  to  5  3°  in  acetone, 
<?=i3tor6)  with  phosphorus  pentachloride  with  addition  of 
chloroform,  thus  avoiding  high  temperature,  active  mono- 
chlorsuccinic  acid  results  and  in  the  right-rotating  form,  By 
now  replacing  the  chlorine  in  this  by  hydroxyl  (by  boiling  the 
aqueous  solution,  neutralized  with  potassium  carbonate,  with 
silver  nitrate)  malic  acid  results,  and  this  rotates  just  as  much 
to  the  right  as  the  original  acid  did  to  the  left.  On  the  other 
hand,  the  <f-acid  so  obtained  yields  /-monochlorsuccinic  acid  on 
treatment  with  phosphorus  pentachloride  and  from  this  /-malic 
acid  may  be  reproduced  We  have  thus  a  perfect  cycle  of 
changes  The  conversion  of  either  of  the  two  malic  acids 
into  the  other  may  be  brought  about  by  converting  the  corre- 
sponding dimethyl  ester,  which  has  the  same  rotation  into  the 
dimethyl  chlorsuccmic  ester  by  aid  of  phosphorus  pentachloride, 
and  in  this  conversion  the  direction  of  rotation  changes 

An  explanation  of  the  peculiar  change  in  rotation  and  mol- 
ecular configuration  which  follows  in  the  substitution  of  hy- 
droxyl by  chlorine  under  the  action  of  PC15  has  been  attempted 
by  Armstrong  2 

Of  a  different  kind  are  a  number  of  observed  changes  of 
active  bodies  into  oppositely  rotating  isomers,  inasmuch  as  the 
latter  are  not  the  true  antipodes  of  the  original  substances, 
which  follows  from  the  fact  that  racemic  compounds  do  not 
result  as  end  products.  The  inversion  of  /-menthone  into 
d?-menthone,  or  the  reverse,  which  follows  by  the  action  of 
weak  or  strong  sulphuric  acid,  hydrochloric  acid  or  alcoholic 

i  Walden-  Her  d  chem  Ges ,  ag,  153. 

a  Armstrong  Proceedings  Chem  Soc ,  (1896),  page  45,  On  the  change  of  d-lactic 
acid  into  /-lactic  acid,  see  Purdie  and  Williamson  :  J  Chem  Soc,,  69,  837. 
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potash,  and  which  was  discovered  by  Beckniann1  is  a  case  in 
point.  In  the  same  way  /-ecgonine  and  /-cocaine  may  be  con- 
verted by  heating  into  right-rotating  isomers  (Einhorn  and 
Marquardt).2 

See  further  the  chapter  on  the  direction  of  rotation  of  the 
derivatives  of  active  bodies 

39,  Reciprocal  Transformation  of  Active  Isomers  of  Different 
Configurations. — Such  changes  were  discovered,  as  is  known,  by 
E.  Fischer, s  and  especially  in  the  acids  of  the  sugar  group.  They 
occur  when  these  acids  are  heated  with  quinoline  or  pyridine  to 
I3o°-i5o°,  in  which  the  addition  of  the  bases  is  employed 
mainly  to  prevent  the  production  of  lactones  which  interfere 
with  the  reaction.  According  to  experience  up  to  the  present, 
a  change  of  position  of  the  H  and  OH  on  the  asymmetric 
carbon  attached  to  the carboxyl  group  follows,  and  this  reaction 
appears  to  be  always  reversible,  so  that  the  product  is  a  mix- 
ture of  the  original  acid  with  the  one  newly  formed.  Thus, 
the  following  stereoisomeric  acids  have  been  reciprocally  con- 
verted, the  one  into  the  other.* 

C6H1006         /-Arabonic  acid          ^      /-Ribontc  acid 

A  **x  x  A  *xx  x 

df-Gluconic  acid        «*-*•     flf-Mannonic  acid 

j,    •  •  x  •     y  ,4    •  •  X  X    y 

•"•    XX  •  X   "*  ^    XX  •  •    A 


/•Glucomc  acid         «•-*:      /-Mannonic  acid 

CnHinOl? 


XX  •  X     y  /i   XX  •  • 

•   •  X  •     A  •"•     •  •  XX 


flf-Galactonic  acid      "•*•     rf-Talomc  acid 

.4     •  XX  •     y  A     •  XXX     y 

•^    X  •   •  X    A  ^X'»«A 

/-Gulomc  acid  ^     /-Idonic  acid 

><.X»»v  ^»X»Xv 

A    X  «XX    X  A    X  •  X  •    X 

Besides  these  cases  others  are  known 

G.  Inseparable  Modifications  of  Inactive  Configuration 

40.   As  already  explained  in  the  chapter  on  the  number  of 
isomers  possible  in  bodies  with  asymmetric  carbon  atoms  (§  16) 

i  Beckinanir  Ann.  Chem.  (I4sbig),  350,  342,  289,  362. 

s  Kinhorn  and  Marquardt!  Ber.  d.  chem  Ges ,  33, 468,  979.  « 

8  B  Fischer.  I6td.,  33,  799 !  »4>  «i37i  3622;  37,  3193. 

*  In  the  formulas  A  «.  CHaOH,  X**  COaH,  •  =  K,  X  «  OH. 
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this  type  may  appear  in  such  riiolecules  whose,  formulas  may 
be  divided  into  two  equal  halves.  The  inactivity  may  be 
explained  by  the  equally  strong  but  oppositely  directed  rotating 
power  of  the  two  halves  which  compensate  each  other. 

The  correctness  of  this  view  follows  from  the  fact  that  when 
the  symmetry  of  such  a  molecule  is  destroyed,  an  active  pro- 
duct results.  This  was  shown  first  by  E.  Fischer.1  As  lie 
found,  the  inactive  mucic  acid,  CO,H— (CHOH)^ — COaH, 
yields  by  reduction  racemic  galactonic  acid,  CHO— 
(CHOH)4— COaH,  which  may  be  split  into  active  components, 
and  conversely  these,  as  well  as  the  galactoses,  may  be  con- 
verted by  oxidation  into  inactive  non-separable  mucic  acids. 

Inactive  isomers  of  this  kind  are  found  in  the  following 
classes  of  symmetric  bodies : 

/.  In  chain  strmture  tompoiinds  with  an  even  number  of  car- 
bon atoms. — In  this  case,  according  to  §  16,  the  number,  z,  of 

it 

inactive  modifications  i.s  given  by  tin.- formula,  /  2J  ,  where 
n  is  the  whole  number  of  asymmetric  carbon  atoms.  The 
bodies  of  this  group  which  are  known  are  mainly  these  : 

Among  those  with  n  2,  where  i  i,  there  is,  first  of  all, 
the  meso-  or  antitartaric  acid  discovered  by  Pasteur*  in  1853, 
in  which  the  impossibility  of  resolution  and  consequent  dif- 
ference from  racemic  acid  (paralarlaricackl)  was  shown.  The 
configuration  of  this,  as  also  that  of  erythrilol,  whose 
inactivity  has  also  been  shown,  must  be  given,  according  to 
§16,  by 

COOH  CH,01I 

H—C— OH  II— C— OH 

H— G— OH  H— C— OH 


COOH  CHaOH 

Mesotarlaric  acid.  Brythritol, 

A  further  number  of  such  symmetric  bodies  as  the  di-  and 
tetrasubstituted  succinic  acids,  also  erythritol  derivatives, 
hydrobenzoin,  etc.,  are  undoubtedly  likewise  inactive. 

Among  compounds  with«=4,  and  consequently  «'  =  2  we 
have :      * 

i  &  Fischer;  Ber.  4  ob«u,  Qwu,  as,  1047,  Jafio,  '      ' 

*  PMtwr  t  Comjrt,  vm&,  JH,*fa,  fW  ^iplsytflE!  3«,  4,  ohcm.  Oea,,  17*  1415* 
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CH2OH  COOH  COOH 

H-C-OH  H-C-OH  H-C-OH 

HO-C-H  HO-C-H  H-C-OH 

HO-C-H  HO-C-H  H-C-OH 

H-C-OH  H-C-OH  H-C-OH 

CH2OH  COOH  COOH 

Dulcitol.  Mucicacid  Allomucic  acid . 

With  the  octitols  and  their  corresponding1  acids,  four  isomers 
with  inactive  configuration  are  possible,  but  we  arc1  not  yet 
acquainted  with  them. 

Naturally  no  change  follows  in  the  above  relations,  if  an 
even  number  of  carbon  atoms  with  two  similar  radicals 
attached  (CH2  groups)  are  introduced  into  the  middle  of  the 
molecule,  as  is  the  case  with  . 

Dimethyladipic  acids, 

(C02H— *CH  CH3)— CHa— CI-L— ( "CII-CII.,— CO,II ) 

Diallyl  bromides,  (CH.Br— *CHBr)— CH2— CH,— (  »CIIHr  -CII,Hi ) 
and  others 

2  In  chain-structure  compounds  with  an  uneven  numbct  of 
carbon  atoms. — Here  the  number  of  possible  isomers  is 
dependent  on  the  form  of  combination  of  the  radicals  with  the 
middle  carbon  atom 

a  If  the  middle  carbon  atom  besides  being  united  with  the 
two  symmetric  groups  is  joined  to  two  other  radicals,  similar 
to  each  other,  as  in  the  o'-dnnethylglutaric  acids, 

(C02H— *CH.CH8) -CH2—(*CH. CIL,  - C()BH ) , 
then  the  number  of  inactive  isomers  may  be  calculated  by  the 
formula  used  for  the  bodies  of  the  last  group. 

b.  If,  on  the  other  hand,  the  middle  carbon  atom,  besides 
being  attached  to  the  symmetric  groups,  is  joined  to  two  other 
dissimilar  radicals,  then  the  number  of  inactive  isomers  may  be 


•i 


found  by  the  formula,  i  =  z  *  ,  where  n  is  the  number  of 
asymmetric  carbon  atoms,  the  middle  carbon  atom  being  included 
as  one  In  reality,  however,  this  atom  should  not  be  con- 
sidered as  asymmetric,  because,  as  a  glance  at  the  following 
configuration  formulas  will  show,  a  plane  of  symmetry  may  be 
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passed  through  the  same,  and  the  dissimilar  radicals  joined  to 
it,    If  this  middle  carbon  atom  is  excluded,  the  number  of 


inactive  isomers  is  given  by  the  formula,  z  =  2 
The  following  are  bodies  of  this  class  : 

CH8OH  CH»OH                  COgH  C08H 

H— C— OH  H— C— OH  H— C— CH8  H— C— CH» 

H— C-OH  HO— C— H  H— C— CH8  H8C— C— H 

H—C— OH  H—C— OH  H— C— CH»  H— C— CHa 

CHjOH  CHgOH  COJ-I  COaH 

Adonitol  (ribitol).  Xylitol.  » , ' 

Ribotrioxylglutaric  Xylotnoxyglutaric     Trimethylglutaric  acids, 
acid.  acid 

Bodies  which  contain  five,  or  according  to  the  above  con- 
siderations four,  asymmetric  carbon  atoms,  furnish  four  inac- 
tive isomers  of  which  at  present   tf-gliicoheptonpentoldiacid, 
on  OH   H     OH  on 

^Wy  1  1"  "  "  '""W    *"^.  -  — ••— — ^ \_ •""^, '    "••     "  \_\  J»i  1  1 

I          I          I          I          I 
II       II       OH     II       II 

and  a-glucoheptitol  are  known. 

3.  In  ns-Jorni  cyclu  compounds.  The  .simplest  case  i.s  given 
by  the  i,2-tnmethylenedicarboxylic  acids,  where,  as  is  known, 
three  isomers  are  possible: 


Trans 

forms. 

Cis  form: 

III. 
C(),H                 CO,H 

I                        ( 

I. 
II                    COjII 
1                        1 
C-  -  -             --C 

II. 
0(),H                 H 

r        c 

l\     H     /I 

:OUH\  1  /  ii 

l\     H    /I 

H    \  1  /CAH 

K?/i 

H  H 

Active.  Active.  Inactive. 


Racemic  form. 

The  asymmetric  symbols,  I  and  II,  which  stand  in  the  relation 
of  object  and  image  to  each  other,  correspond  to  the  active 
forms,  while  the  third  symbol  possesses  a  plane  of  symmetry, 
passing  through  the  group  CHa,  and  therefore  represents  an 
inactive  type.  In  an  analogous  way  are  related  the  hexahydro- 
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phthalicacids,tliehexaliydroisophthalicacids,the^'l-tetraliydro- 
terephthalic  acids,  and  others,  in  which  the  racemic  modification 
(trans  form)  and  the  structurally  inactive  (cis)  form  are  known. 

41.  Differences  in  the  Properties  of  Racemically  Inactive  and 
Structurally  Inactive  Isomers. — These  have  been  observed  with 
respect  to 

a    Water  of  Crystallization. — For  example  : 

Calcium  mesotartrate CaC4HtO8  +3  CH.,0  (Anschiitz)1 

Calcium  racemate CaC4H4O6  +  4H20 

Calcium  d-  and  Martrate ....  CaC4H4O6  +  4H20 

Free  mesotartanc  acid,  like  racemic  acid,  crystallizes  with 
one  molecule  of  water;  the  inactive  tartaric  acids,  on  the 
contrary,  are  anhydrous. 

b.  Melting-Point.—^  may  be  seen  from  the  following  obser- 
vations, the  melting-point  of  the  racemic  modification  is  gen- 
erally higher  than  that  of  the  inactive  modification,  although 
the  reverse  relation  also  appears  In  the  last  cases,  however, 
including  erythntol  and  some  of  its  derivatives,  it  is  possible 
that  mixtures,  rather  than  racemic  compounds,  were  examined  : 


1  Anschutz    Ann  Chem.  (I^iebig),  aafi,  197 

2  Bischoff  and  Walden    Ber  d  chem  Ges.  aa 
i  Walden    ztschr  phys  Chem  ,  8, 467. 


Racemic- 
ally 
inactive 

Configu- 
rationally 
inactive. 

DMT 
X—C 

Observer 

Racemic  or  tartaric  acid,  anhyd 
Dimethylsuccmic  acid 
Diethylsuccmic  acid  ...... 

205-206° 
194 

140-143° 
120 

-|-  64° 
+  74 

J  Bisch. 
1  andW  « 
Walden11 

Diphenylsuccmic  acid  

120 

-|-64 

Dimethylglutanc  acid  

1031220) 

+  46(9) 

Erythntol  

99-101 

+  24-5 

Erythritoldibromhydnne  •  ... 

72 

83 
ofi 

110 

135 

—  46 
—  52 

Griner* 

((    6 

1,  2-Tttmethylenedicarboxylic  acid 
Hexahydrophthalic  acid  
Hexahydroisophthalic  acid  
jVTetrahydroterephthalic  acid- 

9° 
175 
215 
II8-I20 
220 

J33-I34 
139 
192 
161-163 
150-155 

37-5 

+  36 
+  23 
43 
+  67 

Buchner  • 
v.  Baeyer7 
Perkin8 
v.  Baeyer8 

i8is 


»  Gnner    Compt  rend  ,  n6,  723 ,  n7, 553. 

«  Buchner    Ber  d  ohem  Ges  ,  23, 703. 

»  v  Baeyer-  Ann  Chem  (I,iebig),  358,  218 

•  Perkin.  J  Chem  Soc ,  59,  813 

•v  Baeyer:  Ann  Chem  (Uebig),  agi,  308 
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c.  Solubility. — In  the  cases  which  have  been  studied,  the 
compounds  inactive  by  configuration  have  been  always  more 
readily  soluble  than  the  racemic  forms.  One  hundred  parts 
of  water  dissolve : 


Racemic- 
ally 
inactive. 

Confi^u- 
rationally 
inactive 

Active 

Observer 

Tartanc  acids,  anhydrous  at  15° 
Acid  potassium  tartrate  at  19°  ... 

I7.I    pts. 
0.555  " 

125.0  pts. 
12.5     " 

132.2  pts. 
0.535" 

Bischoff& 
Walden1 

^^^USS^}03^  water- 

o  170  " 

2.70  " 

— 

v.Baeyer* 

d.  Constant  of  Dissociation,  K,  determined  from  electrical 
conductivity.  The  following  observations  exhibit  no  regularity 
in  this  relation- 


Racemic- 
ally 
inactive 

Configu- 
rationally 
inactive 

Diff 
JK—C 

Observer 

Racemic  acid,  mesotartanc  acid, 
Dimethylsuccinic  acid  

0097 

o  060 

+  0037 
J     o  0068 

Walden8 

((         4 

Diethylsuccimc  acid  ... 
Diphenylsuccimc  acid.  . 
Dimethylglutanc  acid 

00245 
O.O2O 
00055 

0.0343 
0026 
0.0055 

—  o  0098 
—  o  006 
o 

(I 
(I 
d        5 

1  Bischoff  and  Walden    Her  d  chem  Ges  ,  aa,  1817 

2  v  Baeyer    Ann  Chem  (t,iebig),  251,  307 

11   Walden    Ber    d     chem     Ges  ,  32,  1820,  Ostwald  Ztschr  phys  Chem  ,   3, 
Berthelot   Ann   chim  phys  16],  33,  go 
4  Walden   Ztschr  phys  Chem ,  8,  467 
*  Walden   loc  at ,  p  487 
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PART  SECOND 

Physical  Laws  of  Circular  Polarization 

FUNDAMENTAL  RELATIONS 

With  one  and  the  same  active  body,  the  angle  through 
which  the  plane  of  transmitted  polarized  light  is  rotated, 
depends  on  the  following  three  factors  : 

1.  On  the  length  of  column. 

2.  On  the  wave  length  of  the  light  ray. 

3.  On  the  temperature  of  the  active  substance. 

42.  Relation  of  Rotation  to  Length  of  Column. — Observations  car- 
ried out  by  Biot1  in  1817  led  to  the  following  empirical  rules 
which  hold  strictly  true  for  solid  as  well  as  liquid  active  bodies  : 

1 .  The  angle  through  which  the  plane  of  polarization  of  a 
ray  of  given  wave  length    is    rotated    is  proportional  to  the 
length  of  the  active  column 

2.  If  the  ray  is   allowed   to    pass   through    a  number  of 
separate  layers,  the  final  deviation  of  the  plane  is  equal  to  the 
sum  of  the  single  deviations  if  the  layers  or  columns  all  rotate 
in  the  same  direction,  or  equal  to  their  differences  in  case  they 
possess  opposite  rotating  powers. 

In  comparing  the  rotations  of  different  active  substances  it 
is  customary,  according  to  Biot's  suggestion,  to  reduce  the 
angle  of  rotation  of  solid  bodies  to  that  of  a  plate  of  i  mm. 
thickness  and  of  liquids  to  that  of  a  column  i  dm.  in  length. 

43.  Dependence  of  the  Angle  of  Rotation  upon  the  Wave-Length  of 
the  Ray.    Rotation  Dispersion. — The  rotation  of  the  plane  of  po- 
larization experienced  by  rays  of  different  colors  in  passing 
through  an  active  layer  is  least  for  red  and  greatest  for  violet 
light ;  it  increases,  therefore,  with  decrease  la  the  wave-length 
of  the  light.    Biot  drew  the  conclusion  from  his  measurements 
on  quartz  plates  that  the  angle  of  rotation,   a,  is  inversely 

1  Biot    M£m,  de  1'  Acad ,  a,  41,  91  (1817).    Ann  chim.  phys  [$,  |0,  63  (1819) 
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proportional  to  the  square  of  the  wave-length,  A.  •  but  later 
servatiom  showed  that  this  rule  is  only  approximately  true,     A 

n 

formula  of  the  form  a  =  A  +  p  >  with  the  constants  A  and  JB, 

is  likewise  inadequate  to  express  the  relation  exactly,  but 
Boltzmann1  has  shown  that  the  formula 

_A       B 

U)  «  -  jp  -t-  jp 

corresponds  to  the  observations  in  a  satisfactory  manner.  The 
law  of  rotation  dispersion  is  still  better  given  in  a  theoretic- 
ally derived  formula  by  E.  lyommel,"  which  contains  the  two 
constants,  a  and  A": 

(II)  a      ~ 


In  order  to  determine  the  constants  of  both  expressions  for 
a  gnen  substance,  the  angles  of  lotatiou,  art,  «•_,,  ars>  ...  ob- 
served for  a  number  of  rays  of  known  wave-length, 
Aj,  AJ(  A,,  ...  must  be  found  by  measurements  A  and  B  may 
then  be  calculated  from  each  pair  of  exact  observations,3 
and  finally  from  the  results  of  all  the  possible  combinations, 
the  mean  may  be  taken,  or  the  method  of  least  squares  may 
be  applied.  In  order  to  obtain  convenient  numerical  values, 
the  wave-lengths  are  best  ex  pressed  in  millimeters,  for  example, 
A,  o.cxx>6562. 

The  formulas  (I)  and  (II)  may  be  employed  also  to  deter- 
mine the  wave-length  of  any  kind  of  light  by  measuring  the 

i  Boltxmann:  Pogg.  Ann.,  Julielb.  (1874),  p.  iaH. 

8  3$.  I<onunel:  Theorle  tier  Draining  tier  rolarisaUonaebene,  Wicd.  Ann  ,  14,  523 
<iH8i);   Das  Ciesctz  der  Rotations!  dispersion,  Wiecl.  Ann.,  ao,  579  (1883). 
*  From  the  Boltstmann  equations)  . 

<n      |     B  .  *n    I     Jo 

"'^Tf  +  ir     ftnd     <r»==1I-+XAJ      ' 

there  follow  : 

Ctt         ttn  Ot          «„ 


„, 

* 
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angle  of  rotation  produced  in  it  by  any  substance,  the  rotation 
.  dispersion  of  which  is  known  ;  for  example,  quartz.     If  we 

A       B 
apply  the  Boltzmann  formula,  a  =  -^~  +  -^  ,  and  take 

A  ,     B       , 

—  =  a    and    —  =  b. 
a  of 

we  have  next  to  determine  the  value, 


from  which  the  desired  wave-length,  expressed  in  millionth^ 
of  a  millimeter  (  A*>u)  ,  is  given  by 

x  =  ios  i/r; 

if  the  millimeter  scale  wave-lengths  are  used  in  calculating  A 
and  B. 
From  the  I^ommel  formula  there  follows: 


20C 


The  methods  by  which  the  angles  of  rotation  for  a  number 
of  rays  of  known  wave-length  were  measured  and  from  this 
the  rotation  dispersion  of  a  substance  determined  are  described 
in  Part  IV.  Observations  thus  far  carried  out  are  based 
either  on  the  Fraunhofer  sun  lines  or  on  the  lithium,  thallium, 
or  sodium  line,  or  finally  on  certain  kinds  of  approximately 
monochromatic  light  obtained  by  so-called  ray  filters.  Up  to 
the  present  time  exact  data  have  been  given  mainly  for  the 
following  substances: 

44-  Rotation  Dispersion  of  Crystals,  i.  Quartz.—  Several  series 
of  observations  on  this  substance  are  on  record,  among  which 
the  older  ones  by  Broch1  (1852),  Stefan8  (1864),  Soret  and  Sara- 
sin  (1876)  ,  may  be  excluded  as  the  influence  of  temperature  was 
not  sufficiently  considered,  in  reference  to  which  it  was  first 
shown  by  Dubrunfaut*  and  later  by  v.  I,ang8  that  it  exercises  a 
not  unimportant  effect  on  the  rotating  power  of  quartz.  Soret 

'  d  «W«..  7,  us,  Ann.  tiblm.  phys,  [3],  34, 

4 


i          Ber  •  -       -    -  »», 

•  Soret  and  Sarasm-  Fogg  Ann  ,  ,57,  447  (1876). 

•  Dubrunfant  Compt.  rend  ,  33,  44  (1846) 

•  .  Ber  ,  7I,  n,  707  (l87s).    Pogg  ^  6         ( 
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and  Sarasin^  then  pubHshed  two  mewsteriteaof  observation  wMeh 
are  based  accurately  on  a  temperature  of  20°,  and  which  may 
now  be  looked  upon  as  the  most  reliable.    These  observations 
cover  29  lines,  from  wave-length  214-760  wt  those  referring- 
to  the  visible  lines  from  A  to  #are  given  in  the  table  below 
A  quartz  plate  having  a  thickness  of  30  mm,  was  used  in  the 
observations  under  I,  while  a  plate  with  a  thickness  of  60  mm 
served  for  the  observations  under  II,    Some  exact  observations 
by  V.  v.  I,ang  are  given  also," 

QUARTZ.    ANGLE  OF  ROTATION  FOR  i  MM. 


Fraunbofer 
lines. 

Wave-lengths 
according  to 
Angstrom 

Observed  by 
Spret  and  Sarasln. 
Temperature  ao°. 

Mean. 

Calculated  by 
the  formula 

A  in  nn. 

" 

of  IVommel. 

1            I 

II. 

A 

/» 

760.4 

12.668°'' 

I262801 

12  65° 

12.78° 

U 

C 

686.71 
656  21 
589.513 

14304 
15  746 
17.318 
21.684 

14  298 

14.30 
1575 

21  69 

14-37 
15.78 
17-34 
21.70 

17.307 

21.696 

JK 

F 

r. 

588.912      j        21.727 

526913    :     37543 
486.074          32  773 

21.724 
27.537 
32749 

21.725 
27.54 
32.76 

21.74 

27-51 
32.69 

r 

h 
H 

430.725 
410.12 
396.81 

42.604-' 
47.481 
5I.I93'1 

42.568" 
47.492 

5I.I8211 

42.59 
47.49 

42.51 
50.97 

Une*. 

A 

v  l«anK 
Temp  ji*. 

Kays. 

A 

Temp  o° 

Temp  20'. 

C 
D 
F 

656.21 
589.21 
486.07 

17.3990 
21,727 
32,722 

Li 

670.8 
589.2 

535-1* 

16.402° 
21,597 
26.533 

16.460° 
2I.66O 

26.6n« 

.. 


, 
•  Calculated  from  th«d«U  lot  o-  by  tueanJaf 
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The  observations  of  Soret  and  Sarasin  may  be  expressed  by 
the  Boltzmann  dispersion  formula  with  the  constants: 


293° 


(Xm  millimeters) 
and  also  by  the  formula  of  I/ommel: 


in  which 

log  a  =  0.855  59",  log  AS  -    7.935  1257       10. 
(X  in  thotisanclths  of  a,  millimeter  M) 

The  angles  of  rotation  calculated  in  this  way  are  given  in 
the  last  table 

Rotation  of  Quarts  for  Sodium  Light  1  —  Among  observations 
m  this  direction,  those  recently  carried  out  by  Gumliclv1  in  the 
physikalisch-techmschen  Reichsanstalt  must  be  considered  the 
most  accurate.  In  these  investigations,  about  twelve  rij^ht- 
and  left-rotating  round  quartz  plates,  50  to  60  mm.  in 
diameter,  from  1.2  to  10.5  mm.  in  thickness  (measured  to 
o  i  jw),  and,  as  nearly  as  possible,  with  plane  parallel  surfaces 
(maximum  difference  in  thickness  O.5/.0  were  used,  They 
were  ground  perpendicularly  to  the  optical  axis  as  perfectly  as- 
possible,  and  special  measurements  showed  that  the  axis  error, 
that  is,  the  angle  between  the  optical  axis  and  normal  to  the 
plate  surface,  was  never  more  than  16'.  The  sodium  light 
employed  (from  sticks  of  soda  in  oxyhydrogen  lamp)  passed 
first  through  prisms8  and  a  slit,  the  latter  of  which  served  to  cut 
out  foreign  rays.  The  determination  of  the  angle  of  rotation 
was  made  by  aid  of  a  L,ippich  half-shadow  apparatus  and  in 
order  to  eliminate  the  error  from  lack  of  perfect  parallelism  in 
the  plates,  the  latter  were  adjusted  in  four  positions,  90°  apart. 
To  determine  the  effect  of  temperature,  the  measurements- 
were  made  ma  room,  the  temperature  of  which  could  be 

*  See  later,  Part  IV. 

»  E  Gumhch  :  Wissenschaftl,  Abhandlungen  der  PhyaifcaHach-tecknlncheft 
Reichsanstalt,  a,  sot  (1895),  ztschr  fur  Instruiuentenkunde,  1896,  p.  97. 

*  Two  wermcke  hollow  prisms  containing  ethyl  cinnamate, 
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varied  between  a9  and  30°,  >The  investigations  led  to  the 
following  results : 

Pure  sodium  light  is  rotated  by  a  quartz  plate,  i  mm,  in 
thickness  at  a  temperature  of  20°, 

21. 7182°  ±0,0005, 

provided  the  light  passes  through  the  plate  exactly  in  the 
direction  of  the  optical  axis.  Under  other  conditions  the 
rotation  is  somewhat  larger  ,  when  the  plates  were  set  exactly 
perpendicular  to  the  entering  light,  the  angle  was,  on  account 
of  the  axis  error,  in  the  mean  21.7223°  ±0.0010. 

The  angles  of  rotation  for  right-  and  left-handed  plates 
were  found  to  be  exactly  the  same,  and  it  was  further  found 
that  quartzes  from  different  localities  (Brazil,  Japan,  Switzer- 
land) showed  no  appreciable  variations. 

A  difference  in  the  behavior  of  unequally  intense  lights 
(oxyhydrogen  lamp,  I/andolt  lamp)  could  not  be  recognized 
with  certainty  when  the  purification  of  the  light  from  foreign 
rays  was  effected  by  the  spectrum  method  But  when  this 
was  done  by  other  methods  (I,ippich's  ray  filter  with  potassium 
dichromate  and  uraiious  sulphate)  appreciable  differences 
appeared 

Other  observers  have  found  earlier  the  following  figures  as 
expressing  the  rotation  of  quartz  for  sodium  light  at  20°  * 

v  I/ang  (1876).  . ,..  .  •  21.724. 

Joubert  (1878) 21  723 

Soret  and  Sarasin  (1882).  at.  723 
Soret  and  Guye  (1892/3).  21  718 
and  729 

Effect  of  Temperature  on  the  Rotating  Power  of  Quarts  — 
This  is  exerted,  as  first  shown  by  v.  I/ang,*  in  the  sense  that 
with  an  increase  of  temperature,  an  increase  in  the  rotation 
follows.  The  increase  may  be  expressed  by  the  following 
formulas  in  which  at  represents  the  angle  at  a  higher  tem- 
perature, and  #„  that  at  a  lower  temperature. 

Within  mean  temperatures  Gumlich8  found  for  right-  and 
left-rotating  quartz  and  sodium  light : 

i  See  Gumlich :  Loc,  c&,  p.  346. 

*  v  Lang    Fogg  Ann.,  156,  422  (1875), 

»  Gumlich  .  Loc  fit ,  p  ago 


Broch(i846)  
Stefan  (1864)  
Wild  frfifiA^  

.   .    21.  67 
.  21  67. 

Mascart(i872)  ..  . 
v  Ivang  (1875)  •  • 

.    21    746 

....  21.  661. 
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11      /iT  a°  (I  +  °  ?U4  '  +,°  °°U6  ^  I  Aiding  between 
and  for  smaller  differences  m  temperature          \       0  °  ,     0 

V  U      HUU.  JU 

a,  =  a0  (t -I- 0.031470  -' 

Other  observers  have  given  coefficients  which  agree  with  this, 
thus 

v.  I/ang,1  o.t=  o0  (i  -f  o  o8i49  rf),  holding  between  20°  and  100°, 
Sohncke,2  a,  ==a0  (i  4-0.091480,        "  "         23°     "    100°, 

Joubert,8    a,=  ao  (i +  oo8T490>        "  "  °°    "    Ioo°' 

"         a,=  a0  (i  4  o  031463  /  -f  0.0,329  if2)        —20°     "    100°. 

For  low  temperatures,  Soret  and  Guye*  found  : 

«'+  ao  C1  +  0.031336 if),  holding  between  —55°  and  +23°, 
o,+  a0(x  +  o.oiia6sO,       "  "        -72°   "    +18°. 

According  to  Le  Chatelier6  the  rotation  increases  irregularly 
at  high  temperatures      Based  on  observations  made  by  him, 
that  quartz  undergoes  a  sudden  change  in  dimensions  at  570°, 
he  calculates  the  following  formulas : 
Between  o°  and  570°  • 

nt  •=  OQ  (i  +  o  0^96  t  -f  o.o62i7  P) 
At  570°  there  is  an  increase,  4  a.  =  0.043  ^o- 
Above  570°  this  expression  holds  .6 

at=  ttfl  (1.165  +  0.0415  (t  —  570°)) 

The  angles  of  rotation  found  by  I/e  Chatelier  are  • 


t 

Dlff 

\  =  656 

_.   £> 

A=i?9 

A  =  518 

A  =  500 

A  ^  448  pp 
Mg-hne 

20° 

17    25 

21  72 

2862 

30.78 

39-24 

280 

260 

1806 

22.68 

29  82 

32  16 

40,80 

415 

135 

18  60 

2340 

3060 

3290 

42  oo 

560 

145 

1938 

2430 

3204 

34.56 

44.10 

600 

40 

20  10 

25.26 

33.18 

3576 

45.60 

900 

300 



25-32 

3324 

36.00 

4584 

In  these  figures  the  sudden  strong  increase  between  560° 
and  6po°  may  be  recognized. 

1  v,  Lang    Loc,  cit 

>  Sohndce    Wied,  Ann  ,  3,  516. 

*  Joubert    Compt  'rend.,  87, 497 

*  Soret  and  Guye.  Ibid ,  115, 1295  ,  116,  73 
fi  I«e  Chatelier  •  Ibid,,  109, 1244  (1889) 

o  Confirmed  by  Gumlich .  Loc  cit ,  p  230 
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According  to  v,  l<m&  Sohawska*  and  I*  Chatelter8  'the  tem- 
perature coefficient  remains  constant  for  rays  of  all  wave- 
lengths, but  more  exact  measurement  would  probably  disclose 
differences  here. 

The  rotation  of  quartz  at  low  temperatures  has  been  care- 
fully investigated  by  Soret  and  Guye.4  For  a  plate  having  the 
thickness  of  i  mm.  at  12°  the  following  rotations  of  the 
sodium  ray  were  found: 

/  =  —  71.5      _  55.30   —  42.3°        o°        +  17.7°     H-  22.7°, 

a.0—  21.470    21.505    21.537   21655    21.719    21.730. 

These  observations  may  be  expressed  with  satisfactory 
accuracy  by  the  interpolation  formula  of  Joubert  given  above. 

2.  Sodium  Chlorate,  NaClO8.— The  angles  of  rotation  of  the 
regular  crystals  were  determined  by  Guye6  and  also  by 
Sohncke6  for  different  rays  and  temperatures.  Based  on  a 
thickness  of  i  mm.  these  values  were  found' 


Guye 

Une 

Guye 

a  at  20° 

Sohncke 
o  at  21* 

Relation  of 
quartz  to 
sodium 

chlorate 

a 

2.070° 

— 

6908 

B 

2273 

238° 

6.927 

C 

2.503 

252 

6915 

A 

3  "8 

D  316 

6  9361 

A 

3.132 

— 

69362 

E 

3-944 

3-96 

6.982 

F 

4.670 

4.61 

7013 

G 

6005 

5-89 

7.089 

h 

6.675 

— 

7-II5 

H 

7-174 

6.86 

7134 

For  increase  of  rotation  with  temperature  : 

Guye *i  —  «0  C1  +  0.000586  /),  for  t  —  +   5  to    28°, 

Sohncke... <*,  *=  a0(i+ 0.00061 /),      "   t  =  +  16  "  148°. 

i  Loc.cit. 

*  Loc.  ctt. 
>  Loc,  cit. 

*  Soret aad  Guye-  Arch,  sc,  phys.  et.  nat.  Geneve  [3],  ap,  343  (1893). 

»  Guye;  Arch,  de  Oeoftve,  |£|,  aa,  130  (1889).    The  value?  for  fourteen  ultraviolet 
lines  are  omitted  from  the  table. 

o  Sohncke:  Wied.  Ann ,  3, 5"9  (1878). 
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Among  other  active  crystals  the  following  have  been  inves- 
tigated with  respect  to  their  rotating  power: 

Sodium  periodate,  NaIO4  +  3HUO. 
Potassium  dithionate,  K^O,,. 
Lead  dithionate^  PbS-jO,,  +  4HS0. 

The  data  for  these  have  already  been  given  in  §  6, 

45.  Rotation  Dispersion  of  Liquid  and  Dissolved  Substances.- 
As  yet  there  are  but  relatively  few  observations  on  record  in 
this  direction,  of  which  the  older  ones  (on  cane  sugar,  santonin, 
turpentine,  bile  acids,  etc.)  were  made  by  the  Broch  method1 
and  are  based  on  the  Fraunhofei  lines,  while  the  later  obser- 
vations have  been  "made  by  the  ray  filter  method.1  The 
numerical  data  will  be  found  in  part  VI,  "Constants  of 
Rotation." 

With  substances  which  are  in  themselves  liquid  the  rotation, 
as  far  as  is  known,  shows  a  normal  behavior ;  that  is,  the 
amount  of  rotation  increases  with  the  refrangibility  of  the 
light.  This  is  the  case  with  the  terpenes  and  also  in  a  series 
of  derivatives  of  amyl  alcohol,  lately  studied  by  (hive  and 
Jordan,2  which  all  have  the  simple  molecular  weight.'1  These 
bodies  possess  very  different  dispersive  powers,  which  lor  each 
( substance  is  a  characteristic  constant  and  may  be  expressed  by 
the  difference  |>]vloiet  —  [«]ied,  and  designated  as  the  specific 
rotation  dispersion. 

The  same  normal  behavior  is  observed  with  many  substances 
in  solution  (cane  sugar,  dextrose,  santonin  and  derivatives,  bile 
acids  and  others) . 

The  following  table  will  serve  for  the  comparison  of  the 
dispersive  powers  of  different  substances  with  each  other,  and 
also  with  that  of  quartz,  the  figures  referring  to  the  rotations 
for  the  lines,  B,  C,  D,  E,  /^and  G  :* 

i  See  Part  IV  Determination  of  Rotation  Dispersion. 

a  Guye  and  Jordan-  Compt.  rend.,  laa,  883  (1896). 

"  Ramsay  and  Shields  Ztschr.  phys.  Chem.,  ia,  433. 

*  Cane  sugar  m  water,  p  « 10  to  30.  Stefan :  Wieu.  Sitzber,  fla,  II,  486.  Cholnlic 
acid  in  alcohol,  c«3.  Hoppe-Seyler :  J,  prakt.  Chem.,  [i],  89,  957.  CholwUsrol  in 
petroleum.  c  =  10  Mndenmeyer  •  J.  prakt  Chem.,  [i],  90,  3»3.  Turpentine  oil  and 
lemon  oil,  G  Wiedemann  Pogg.  Ann.,  8a,  aaa.  Santonin  in  chloroform,  e  -stooo. 
Nasmi  Accad  d  I/mc«i,  fa],  13,  (1882). 


'DISPERSION  OF  LIQUIDS,   $«TC. 

M    ,     C       D          £          F        G 

Quartz a   imm±    1575    17.31    21,71     2754     32.76    42.59 

Cane-sugar [a]  i  dm  +  47,56    52.70    6641      84.56    101.18131.96 


Cholalicacid...[a] 

Cholesterol [a] 

Turpentine  oil ..  a 
lyemon  oil  ....  a 
Santonin [a] 


+    28.2      301      33.9       44.7  52.7      677 

—  20.63    25,54    31.59      39-91  48.65    62.37 

—  21 5      23.4      29  3        36.8  43.6     -55.9 
+   34-0      379  48.5        63.3  77.5    106.0 
+  484  o    549  o  754  o    1088.0  1444.0      .  i . . 


\  If  we  calculate  from  these  figures  how  much  more  strongly 
the  rays  C,  D,  E,  F  and  G  are  rotated  than  is  the  ray  B,  the 
following  so-called  coefficients  of  dispersion  result . 


B 

C 

I  OQ 

2? 

i  ?8 

.£ 

T   TC 

F 

2nR 

G 

I  II 

1.30 

A.  70 
T   7S 

.70 

1    flT 

a  70 

13 

T   Rl 

77 

I    U/ 

I  2/L 

I    54 

59 

T  Q4 

1.07 
2ifi 

T  no 

I    46 

1    TT 

u^ 

i  U7 
I  II 

j.,,50 

1.7.1 
T  Sfi 

U3 
208 

1.  14 

1  43 
i  «:6 

2  2C 

2  OR 

.12 

From  this,  it  appears  that  the  relation  between  quartz  and 
cane-sugar  is  nearly  constant,  these  substances  having  nearly 
the  same  rotation  dispersion,  while  other  bodies  disperse  either 
more  or  less  strongly  than  quartz.  This  fact  is  applied  in  the 
construction  of  polarimeters  with  quartz-wedge  compensation 
(Soleil's  color  saccharimeter  and  the  Schmidt  and  Haenschhalf 
shadow  saccharimeter),  when,  as  is  usual,  white  light  is 
employed.  The  construction  of  these  instruments  presupposes 
equality  in  the  dispersive  power  of  the  active  substance 
investigated  with  that  of  the  quartz-wedges,  and,  therefore, 
substances  which  depart  much  from  this  relation  cannot  be 
used  or  studied  with  them. 

In  studying  the  dispersion  ratio  between  cane  sugar  and 
quartz  some  new  observations  of  Seyffart1  may  be  used  which 
are  based  on  the  rotation  of  sugar  solutions  for  seven  artificial 
spectral  lines.  If,  as  a  basis,  a  solution  be  taken  which  rotates 
the  red  hydrogen  line  (Ha)  through  the  same  angle  as  a  quartz 
plate  i  mm.  in  thickness,  that  is  17  31°,  then  for  the  other 
colored  rays  the  following  angles  are  found  which  are  given 
along  with  the  angles  for  quartz  for  comparison.  (For  some 
of  the  last,  marked  with  a  *,  the  values  were  found  from  the 

i  Seyffart:  Wied  Ann  ,  41,  ja3, 128  (1890). 
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Color 
Red  

I,ine. 

Wave-length 
ficfi  2Wtt 

Yellow  

Na(JD) 

cRn  o 

Tl 

MC  o 

Greenish-blue  •  • 
Til  He  

fffiW 
Sr 

486   I 
4.6O  7 

A^A.1 

Violet  

Rbn 

4.2O.2 

Quartz 

Cane-sugar 

1731° 

17.31° 

21.72 

21.78 

2664* 

26.81 

32  76 

32.98 

36.77* 

3718 

41.88* 

42.44 

45-00* 

45-78 

above  quoted  measurements  of  Soret  and  Sarasin  by  aid  of  the 
Boltzmann  interpolation  formula.) 

Angle  of  rotation 

Difference 

0.06° 

0.17 

O.22 

0.41 

056 

0.78 

From  these  figures  the  following  dispersion  coefficients  are 
calculated  : 

Ha.      Na          Tl          Hp          Sr          HI        Rbn 

Quartz I        1255        i  539        1-893        2.124  2.419        2.600 

Cane-sugar.,  i        1.258       1.549        1.905        2148  2452        2.645 

It  is  seen  that  the  dispersive  power  of  sugar  exceeds  that  of 
quartz,  but  the  .difference  is  appreciable  only  in  case  of  the 
blue  and  violet  rays,  which,  on  account  of  their  low  luminosity, 
are  but  little  used  in  the  quartz  wedge  saccharimeters. 

The  dependence  of  the  specific  rotation  of  cane-sugar  on 
the  wave-length,  X,  of  the  light  employed,  may  be  expressed 
by  a  formula  derived  by  Seyffart1  from  observations  on  a  20  per 
cent,  solution.  X  is  expressed  in  millimeters. 
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As  examples  of  substances  with  larger  dispersion,  coupled 
with  high  specific  rotation,  we  have  the  following  santonin 
bodies,  investigated  by  Nasini  :* 


Fraun- 
hofer 
lines 

Wave- 
length 
AiigstrBm 

Santonin 

Solution  in  alcohol 
c  —  i  782 

Santonide 

Solution  in  chloro- 
form 
c  —  3  to  30 

Parasantouide 

Solution  in  chloro- 
form 

[ft] 

[a] 

[a] 

£ 

686.7 

—  1104° 

1.  00 

+    484° 

1.  00 

+   580.5° 

1.  00 

C 
D 

656.2 
589.2 

II8.8 
161  o 

I  08 
I  46 

549 
754 

I.I3 
1-56 

655.6 
891  7 

1.13 

E 

526.9 

222.6 

2.02 

1088 

2.25 

1264 

2.18 

b\ 

5183 

237.1 

2.15 

1148 

2-37 

I334 

2.30 

F 

486.1 

261  7 

237 

1444 

2.98 

1666 

2.87 

e 

4383 

380.0 

3-44 

2201 

455 

2510 

432 

g 

422.6 

— 

— 

26lO 

5-39 

2963 

510 

i  Seyffart   Loc  ctt, 

a  Nasmi    Accad  d  I^ncei,  01.  sc.  fis  mat  e.  nat,  [3],  13, 1882. 


If  an  active  body  is  dissolved  in  different  liquids,  the 
rotation  dispersion  remains  the  same  in  all  the  solutions,  This 
was  shown  by  Gennari1  with  mixtures  of  nicotine  with  water, 
methyl  alcohol,  ethyl  alcohol  and  benzene. 

Finally,  as  regards  the  effect  of  temperature  on  rotation  dis- 
persion, Gernez8  has  observed  that  the  dispersion  suffers  no 
change  in  turpentine  oil,  orange  oil,  bitter  orange  oil  and  cam- 
phor, and  not  even  when,  by  aid  of  heat,  the  substances  are 
brought  into  the  condition  of  vapor. 

46.  Anomalous  Rotation  Dispersion — With  certain  substances 
in  solution  the  phenomenon  is  observed  that  the  rotation  of  the 
plane  of  polarization  does  not  change  regularly  with  increasing 
refrangibility  (or  decreasing  wave-length)  of  the  rays,  but 
that  for  some  color  lying  between  the  red  and  violet  ends  of 
the  spectrum  it  has  a  maximum,  or,  also,  a  minimum. 
Further  than  this,  the  rotation  may  be  the  same  for  a  number 
of  different  rays  Such  anomalies,  which,  as  is  known,  may 
appear  also  in  respect  to  refractive  dispersion  have  been 
observed  in  the  following  substances 

d-  Tartaric  Acid  — The  irregularities  in  the  rotation  dispersion 
of  this  substance  were  discovered  by  Biot"  and  later  investi- 
gated by  Arndtsen  *  The  latter  determined  the  increase  in 
the  specific  rotation  of  the  acid  in  solutions  of  decreasing  per- 
centage strength,  for  different  Fraunhofer  lines,  employing 
the  method  of  Broch,  and  calculated  the  following  interpolation 
formulas,  holding  for  a  temperature  of  24° ,  q  representing  the 
percentage  amount  of  water  present- 

Spectial       Wave-length, 
lines  MM' 

C  656.2  [a]  =  +  2  748  -I-  o  0945  q 

D  589  ?  [a]  =  +  I  950  +  o  1303  Q 

E  526.9  [a]  -  +  0.153  -\  0-I75I  9 

&!  518.3  [a]  —  —  0.832  +  o  1915  q 

F  486.1  [a]  =r  —  3  598  +  o  2398  ? 

e  438.3          [«]  ~  -  9-657  +  0-3144  q 

If  from  these  formulas,  which  hold  to  q  —  40  (the  strongest 
solution  of  tartaric  acid  which  can  be'made  at  24°  contains  60 

*  Oennari :  Ztschr.  phya.  Chem.,  19, 130  (1896). 
a  Gernez :  Ana.  de  1'ecole  norm.,  I,  i, 

s  Biot.  Mem.  del'Acad.,  15,  93  (1838). 

*  Arndtsen :  Ann,  chtmcphys.,  (3)1  54*  4°3-    *°««  Ann.,  105,  31*- 
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per  cent  of  the  acid) ,  but  wlncli  certainly  apply  for  q  =  30, 
we  calculate  the  specific  rotations  of  solutions  containing  from 
30  to  90  per  cent  of  water,  we  obtain  the  following  numbers, 
given  in  order  of  increasing  concentration- 


Ju  ioo  parts  of 
solution 

Red 

Yellow 

Green. 

Green 

Greenish 
blue 

Blue 

Water 
<? 

Tartaric 
acid 

[«]c 

[a]fl 

M* 

a]* 

[«]/• 

[«]' 

90 

10 

II  25° 

1368° 

1592° 

1  6  40° 

I7.980 

18.64° 

80 

20 

10  30 

12  37 

14  16 

14-49 

I559X 

1549 

70 

3° 

936 

II  07 

13.41 

1257 

13.19* 

12  35 

60 

40 

842 

977 

10  66 

10  66 

10.79* 

9.21 

50 

50 

747 

847 

891* 

874 

839 

6.06 

40 

60 

6-53 

716* 

7  16* 

683 

599 

2  92 

3° 

70 

558 

586* 

54i 

491 

3.60 

—  o  23 

From  this  table  it  is  evident  that  for  some  particular  color 
each  solution  shows  a  maximum  in  its  rotating  power  which  is 
indicated  by  a  *  For  the  weakest  solution,  with  ten  per 
cent  of  tartanc  acid,  the  maximum  occurs  normally  at  the 
color  of  greatest  refrangibility,  e ,  but  with  increase  of  con- 
centration it  passes  gradually  toward  the  red  end  of  the 
spectrum,  the  50  per  cent  solution  exhibiting  the  maximum 
rotation  for  the  green  ray,  and  the  70  per  cent,  solution  for  the 
yellow.  In  these  cases  the  rotation,  after  passing  the  maxi- 
mum point,  decreases  with  increase  in  refrangibility  and 
becomes  finally  negative  for  blue  light  with  the  most  concen-1 
trated  solution.  This  solution  must  therefore  be  perfectly 
inactive  for  some  color  between  F  and  e.  It  is  also  evident 
that  for  certain  concentrations  different  rays  are  rotated 
through  the  same  number  of  degrees;  thus  the  specific  rota- 
tion of  the  solution  with  40  per  cent,  of  acid  is  10.66°  for  E 
as  well  as  for  d,  and  for  the  60  per  cent,  solution  it  is  the  same 

for  D  and  E,  viz.,  7.16°. 

i 

The  left-hand  rotation  which  with  a  70  per  cent,  solution 
appears  for  blue  light,  would  increase  and  show  even  with  the 
less  refrangible  rays,  if  it  were  possible  to  pass  to  more  con- 
centrated solutions.  The  anhydrous  acid,  whose  specific 
rotation  is  expressed  by  the  first  constants  of  the  Arndtsen 
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formulas,  rni&V  as  sirown  Jby-th^sign.,  exhibit  right-hand 
rotation  for  the  rays  C,  D  and  .£",  and  left-hand  rotation  for 
b,  f  and  e.  In  fact,  Biot1  was  able  to  observe  such  opposite 
rotation  with  plates  made  by  pouring  a  mixture  of  tartanc  acid 
melted  with  a  little  water ;  and  Arndtsen2  found  that  left 
rotation  for  the  strongly  refrangible  rays  is  shown  when  con- 
centrated alcoholic  solutions  of  the  acid  are  used. 

The  anomalies  in  the  rotation  dispersion  of  tartanc  acid 
disappear  when  the  solutions  are  examined  at  a  higher  tem- 
perature (KLreeke),3  or  when  a  little  boric  acid  is  added  (Biot). 
They  are  not  shown  with  the  salts  of  tartaric  acid  (Biot), 
which  fact  has  recently  been  confirmed  by  Rimbach*  in  the 
case  of  rubidium  tartrate. 

Mahc  Aad  — The  rotating  power  for  different  kinds  of  light 
has  been  investigated  by  B  A  Wormger6  by  aid  of  the  ray- 
filter  method,  and  using  solutions,  the  amount  -of  water  in 
which,  q,  varied  from  49  per  cent  to  93  per  cent  The  follow- 
ing interpolation  formulas  were  derived,  based  011  a  tem- 
perature of  20° 

X  =  665  9  w*,  [a]  =  4  605  —  o  0709  g 

"=5919"    "    =   6544  —  00957" 

"  =  5330  ""=  8349  —  01128" 

"=4885  "    "    —10121—01298" 

"—448.2  "     "    =14971—01730" 

The  specific  rotations  calculated  from  these  are 

TABI,S  I 


Red    ... 
Yellow 
Green    . .   . 
Light  blue . 
Dark  blue 


Mahc  acid          Water. 

Red 

Yellow 

Green 

Ivight- 
blue 

Dark- 
blue 

P 

9 

So 

5° 

+  I  06 

+  1.76 

+  271 

+  363 

+  6.33 

40 

60 

+  0-35 

+  081 

+  1.58 

•4-233 

+  459 

30 

70 

--0,56 

+  015 

+  0.45 

+  1-03 

+  286 

20 

80 

—  1.07 

—  i.  ii* 

—  o  67 

—  o  27 

+  I-I3 

IO 

90 

-178 

—  2  O7* 

—  i.  80 

-IS6 

—  0.59 

8 

92 

—  I  92 

—  2.26* 

—  2.03 

—  I  84 

—  0.95 

5 

95 

-2.13 

—  2.55* 

—  2.37 

—  2.23 

—  147 

*  Blot    Ann.  chim.  phys ,  [3],  a8,  351 

a  Arndtsen    Ann.  chim,  phys ,  [3],  54,  413  !" 

»  Krecke   Arch  Borland,,  7,  (1873). 

*  Rimbach :  fctschr.  phys*  Ghent ,  16,  (fji  '  > 

B  Woringer .  Investigations  in  the  author's  laboratory,  not  yet  published  (1898) . 
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In  another  series  of  observations  carried  out  by  Nasini  and 
Gennari,1  in  which  the  ray-filter  method  was  employed,  the 
yellow  light,  however,  being  that  of  the  sodium  flame,  the 
following  specific  rotations,  for  a  temperature  of  20°  were 

obtained : 

TABLE  II. 


No 

rfj° 

P 

q 

[«]  rat 

WD 

[«]*» 

W» 

w* 

i 

1-3454 

72  79 

27.21 

4-   I  80° 

4-  2.86° 

+  3-90° 

+    5-20° 

+  639° 

2 

1.2723 

5902 

4098 

4-   135 

4-  2.08 

+  3.05 

4-  4.21 

4-  563 

3 

1.1861 

42.80 

57.20 

+   0.19 

+  0.55 

+  1.18 

+  208 

4-  3-29 

4 

i  1423 

3427 

6573 

—  0.18 

+  0.07 

4-  0.51 

4-  1.64 

4-  2.  20 

5 

I.I395 

33-24 

6676 

—  0.41 

—  0.31 

+  007 

4-  0.46 

-|-  0.86 

6 

i  1239 

30.02 

6998 

—  0.51 

—  o  42 

—  0.05 

4-  0.29 

4-  0.72 

7 

i  1193 

2872 

71.28 

—  0.79 

—  o  67 

—  o  46 

—  0.22 

-|-  0.29 

8 

1.1034 

2567 

7433 

—  0.94 

—  081 

—  0.69 

—  039 

+  o  14 

9 

i  0663 

16.84 

8316 

—  i  07 

-  1.28* 

—  1.05 

—  o  62 

o  oo 

10 

1.0635 

16  24 

8376 

—  128 

—  i  46* 

—  1.30 

—  o  91 

—  036 

ii 

10304 

823 

91.77 

—  i  09 

—  i  09 

—  i.  08 

—  1.09 

—  1  08 

12 

i  0156 

4.61 

95-39 

-  1.87 

—  i  17 

—   2  56 

—  2-45 

—  2.51 

From  these  two  tables  the  following  appears 

1.  Concentrated  solutions  of  malic  acid,  with  amounts  of 
water  varying  from  27  to  60  per  cent  ,  exhibit  right  hand  rota- 
tion for  all  colors,  which  increases  normally  with  the  refrangi- 
bility  of  the  rays. 

2.  In  solutions  with  q  =  66  to  75  per  cent.  (4  to  8  in  Table 
II)  the  less  refrangible  rays  rotate  to  the  left  and  the  strongei 
to  the  right.     The  point  of  inactivity  which  is  passed  here 
moves,  with  increasing  dilution,  toward  the  violet  end  of  the 
spectrum. 

3.  Anomalous  dispersion  is  shown  in  solutions  containing 
more  than  80  per  cent.  (Table  I)  or  83  to  84  per  cent,  of  watei 
(Table  II,  No   9  and  10);  a  maximum  rotation  (4-)  is  shown 
for  yellow  rays 

4.  In  Table  II  the  phenomenon  appears  that  in  a  solutior 
with  about  92  per  cent  of  water  there  is  equally  strong  rota- 
tion for  all  coloip,  and  that  one  with  q  —  95  shows  a  minimun: 
rotation  for  yellow  light,  and  then  increasing  left-hand  rotatior 
toward  the  violet  end. 

l  Nasun  and  German  -  Ztschr,  phys,  Chem,,  19,  113  (1891) 
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There  is  less  certainty  about  these  observations  however, 
because  in  such  weak  solutions  the  observed  angles  of  rotation 
are  very  small  Such  anomalies  do  not  appear  in  the  results 
calculated  for  q  —  92  and  95  from  the  interpolation  formulas 
of  Wormger,  but  a  maximum  is  shown  for  the  yellow  rays. 

Boric  acid  does  not  correct  the  irregularities  in  the  dispersion 
of  malic  acid  (Nasmi  and  Gennari). 

Equimolecular  Mixture  of  Nicotine  and  Glacial  Acetic  Acid, 
Treated  with  Water. — In  such  combinations,  Gennari1  has 
observed  the  appearance  of  anomalous  dispersion,  but  only 
within  very  narrow  limits  of  concentration.  The  specific 
rotation  of  nicotine  was  found  in  the  following  mixtures  by 
means  of  the  ray-filter  method  (for  yellow,  the  sodium  flame 
however)  at  a  temperature  of  20°  . 


[«Jre<] 

[«]/> 

Wrr 

[a]/* 

w- 

Pure  nicotine         ) 
rfj"  =  i  0107            1 

—  123.37 

—  162  84 

—  209  78 

—  250  71 

—  31779 

Eqmmolecular    mixture  ") 
of  nicotine  and  glacial  J- 

~5563 

-  74  '8 

—  95  22 

—  120  3 

—  143-54 

acetic  acid                      j 

Mixtures  of   the  batne 

with  water 

Original 

_  _ 

fixture 

a  er  q 

8l  26 

1874 

—  9  20 

—1257 

-1683 

~2i  99 

—2668 

7887 

21  13 

—4  13 

-582 

—8  20 

—  10.92 

... 

7784 

22  l6 

—  i  70 

—273 

—439 

-663 

—9-93 

7745 

22  55 

—  O  12 

-054 

—i  48 

—2  80 

—5  oo 

7639 

2361 

+078 

+0.52 

... 

-075 

. 

76.30 

23.70 

+  1.36 

1-098 

fo>74 



—  i  40 

7623 

23.77 

+590 

f744 

+885 

+9  87 

•   - 

76.10 

2390 

+  12  92 

+  16.74 

+  20  72 

+2456 

+2800 

Specific  rotation  of 
nicotine  acetate 

Salt.      v 

Water 

53-72 

46,28 

+  16.44 

+  21  36 

+  25.8I 

+2905 

• 

4430 

55.70  * 

+  14.30 

fi8.85 

+  2283 

+  26,57 

+31  37 

26  48 

7352 

+  T3  21 

+  1735 

+2r  2^ 

+23  98 

.   .. 

24,28 

7572 

+  i  ;  oo 

+  1696 

+2041 

+  23-50 

+25.84 

i 

!»    * 

i  Gennari :  Ztschr  phys  Chem  ,  ip,  130. 
II 
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As  immediately  apparent,  pure  nicotine  and  the  mixture  of 
this  with  one  molecule  of  acetic  acid  possesses  a  normal  left- 
hand  rotation,  increasing  with  the  refrangibihty  of  the  light. 
As  nicotine  acetate  rotates  to  the  right  it  appears  that  a  part  <ff 
the  nicotine  in  the  mixture  must  exist  in  the  uncombined 
condition. 

The  peculiarities  in  dispersion  which  appear  when  water  is 
added  to  the  equimolecular  mixture  of  acetic  acid  and  nico- 
tine; can  be  best  seen  from  the  following  diagram.  This  extends 
from  the  red  only  to  light  blue,  as  [or]  for  dark  blue  had  to  be 
omitted  on  account  of  incompleteness  m  the  observations: 

I/eft-rotaUou.  Right-rotation 

(a)        blue  4-»  red.  red  —•-  blue.  (a) 

22°  20  18  16  14  12  10   8     6     42     0     2    4     6    8    10  12  14  16  18  20  22  24  2ft01 


q.«.  18,74 
21,18 
22,16 
22,65 
23,61 
23,70 
23,77 
23.90 

1 

It  will  be  seen  that 

1.  In  mixtures  with  1 8  74  to  22.55  Per  cent-  of  water  there 
is  normal  left-hand  rotation  for  the  different  colors  and  that 
this  decreases,  the  dispersion  also,  with  increasing  amount  of 
water. 

2.  The  solutions  containing  from  23.77  to  23.90  per  cent,  of 
water  possess  right  rotating  power,  which,  with  the  disper- 
sion, increases  in  marked  degree  by  the  slight  increase  in  the 
amount  of  water. 

3.  With  an  amount  of  water  varying  from  23.61  to  23.70 
per  cent.,  the  rotation  and  also  the  dispersion  are  very  small, 
the  first  solution  showing  complete  inactivity  for  green  rays 
and  the  second  for  light  blue  rays.    We  have  here  then  the 
case  of  appearance  of  a  minimum  of  rotation  with  increasing 
refrangibility  of  the  light. 
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Nicotine  acetate  shows  normal  dispersion  in  solutions  con- 
taining 46  to  76  per  cent  of  water,  as  appears  from  the  above 
table. 

Of  interest  finally  are  the  conditions  of  dispersion  in  solu- 
tions of  nicotine  in  acetone,  ethyl  alcohol  and  profryl  alcohol  for 
which  Nasmi  and  Gennari1  found  the  following  specific  rotations- 


P 

C 

[«U 

[«]* 

C-Lr 

[«3* 

W* 

22.00 
21  40 
21.15 

2077 
19.09 
19  06 

-4-93 
—  5-73 
-3.30 

—  601 
—  7.09 
—  3-62 

-  7-10  j  —  7.53 
—  9  oi  j  —  9.7! 
—  3  92*;  —  3.88 

—   8.90 
—  1032 
-307 

Ethyl  alcohol.     . 
Propyl  alcohol.. 

The  rotation  and  dispersion  of  nicotine  in  these  solutions 
are  seen  to  be  very  much  decreased  With  the  propyl  alcohol 
there  is  even  anomalous  dispersion  as  the  green  ray  appears  to 
have  suifered  the  greatest  deviation 

In  regard  to  the  explanation  of  anomalous  rotation  disper- 
sion, Biot2  has  shown  at  length  that  the  phenomenon  must 
appear  when  the  ray  of  light  passes  two  liquid  layers  which 
rotate  the  plane  of  polarization  in  opposite  directions,  and 
which  at  the  same  time  possess  different  dispersive  powers 
He  employed  in  experiments  left-rotating  turpentine  and  a 
solution  of  right-rotating  camphor  in  acetic  acid,  which  were 
contained  in  tubes  placed  one  behind  the  other,  and  showed 
by  calculation  how  the  length  of  the  column  of  the  camphor 
solution  and  its  concentration  must  be  changed,  to  reach  a 
maximum  or  minimum  of  rotation  for  a  given  ray.  That  a 
perfect  achromatism,  that  is  equally  strong  rotation  for  all 
rays  is  possible,  has  been  shown  by  investigations  of  Nasini 
and  Gennari.3 

The  same  conditions  naturally  obtain  when  two  oppositely 
rotating  liquids  are  mixed  in  different  proportions.  Thus, 
v.  Wyss*  was  able  to  show  a  maximum  of  rotation  for  yellow 
light  of  wave-length  565  W  in  mixtures  of  right  and  left 
turpentine  oil.  Further,  Gennari5  found  that  if  to  a  solution 

i  Nasini  and  Gennan.  Ztschr.  phys  chem  ,  19,  117 
a  Biot   Ann.  chim  phys  ,  [3],  36,  405  (1852) 
&  Nasim  and  Gennan   loc.  at ,  p  121 

*  v  Wyss    Wied  Ann,,  33, 554  (1888) 

*  Ztschr  phys  Chem  .  ijb  134  (1896) 
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of  right-rotating  nicotine  sulphate,  left-rotating  nicotine 
be  added  gradually,  in  small  portions,  the  rotation  for  the 
different  colors  grows  less  and  less,  and  that  finally  the 
left  rotation  of  the  nicotine  appears  in  increasing  degree 
for  all  rays.  There  is  here  the  same  condition  as  with  the 
above-mentioned  mixtures  of  nicotine,  acetic  acid  and  water, 
and  the  phenomena  which  these  exhibit  may  be  explained  by 
assuming  that  the  different  solutions  contain  at  the  same  time 
right-rotating  nicotine  acetate  and  left-rotating  free  nicotine  in 
variable  proportions. 

But  on  what  the  anomalous  dispersion  of  the  aqueous  solu- 
tions of  malic  acid  and  tartaric  acid  depends,  has  not  yet  been 
definitely  shown.  An  attempt  at  an  explanation  will  be 
referred  to  later  in  §63. 

Finally,  a  special  class  of  anomalous  dispersion  phenomena 
must  be  mentioned,  which  appear  when  the  active  solutions 
are  colored.  If  white  light  is  sent  through  these,  absorption 
of  some  of  the  rays  follows,  and  the  rotation  of  those  remaining 
does  not  then  change  regularly  with  the  wave-lengths  Cotton1 
has  investigated  such  conditions  in  solutions  of  copper  tartrate 
and  chromium  tartrate  in  potash. 

1  Cotton    Compt  rend  ,120,  989, 1044  .  Ann  chim  phys  ,  [7],  8,  347  (1896) 


PART  THIRD 


Numerical  Values  for  the  Rotating 
Power,    Specific  Rotation 


47.  In  the  measurement  of  the  optical  activity  of  liquids  and 
dissolved  bodies,  Biot1  introduced  in  1835  the  conception  of 
specific  rotation,  indicating  by  this  term,  the  angle  of  rotation 
\a\ ,  which  a  liquid  would  show  if  it  contained  in  a  volume  of  i 
cubic  centimeter,  i  gram  of  active  substance,  and  should  act  on 
the  polarized  ray  through  a  column  i  decimeter  in  length 

As  already  explained  m  the  introduction,  §2,  the  specific 
rotation  of  bodies,  in  themselves  liquids,  is  expressed  by  the 
formula 

CD  M  =-£r 

in  which 

a  =  the  angle  of  rotation  measured  for  a  ray  of  definite 

wave-length, 

/  =  the  length  of  the  observation  tube  in  decimeters, 
d  =  the  specific  gravity  of  the  liquid,  referred  to  water  at 

4°  as  standard. 

In  the  measurement  of  these  three  quantities,  the  tem- 
perature must  always  be  considered,  and  should  be  kept  the 
same  for  all  As  normal  temperature,  20°  C.  is  usually  taken. 
The  specific  rotation  of  an  active  liquid  for  a  given  light  and 
temperature,  for  example,  [<*]",  expresses  a  characteristic  con- 
stant for  this  substance. 

For  solid  active  substances  which  are  brought  into  solution 
by  aid  of  an  inactive  solvent,  the  specific  rotation  may  be 
derived  in  two  ways,  on  the  assumption  that  a  is  proportional 
to  the  concentration  : 

i .  With  determination  of  the  concentration,  ct  by  which 

i  Biot    M6m  de  1'Acad ,  13, 116  (1835)     Ann  chim.  phys ,  [3],  10, 5- 
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understood  the  number  of  grams  of  active  substance  dissolved 
to  make  100  cc.  of  solution,  we  have  the  formula  : 


ion 


2.  With  the  determination  of  the  i»ercenta,gt*  strength,  />,  of 
the  solution,  by  which  is  understood  the  number  of  grams  °? 
active  substance  in  KX>  grams  of  the  solution,  and  further  of 
the  gpticific  gravity,  «?,  of  the  solution,  We  have  then  the 
formula  : 

>TVV\  I*         **  I  *     (       I  *  it  r 

(m)  w  l.p.j 

iii  which  p  d     e. 

In  many  cases,  especially  where  we  are  concerned  with  single 
values  for  the  specific  rotation,  the  uxiwrinit'nUUy  MinjtUi 
determination  by  formula  (II)  is  suttu-ient,  A  solution  is 
made  in  a  flask  holding  xoo  true  tv.  at  .H>",  and  tins  is  jNil.ii 
feed  at  the  same  temperature.  But  if  it  is  dcsiird  to  follow 
changes  in  the  specific  rotation  corrcsjHmdinK  to  clhtngv*.  u» 
the  composition  of  the  solution,  it  is  neeessiry  tti  jtivjurt-  the 
hitter  by  weighing  the  active  subhUmv  and  tin*  solvent,  .is 
the  percentage  amounts  of  both  must  In-  known.  It  thru 
remains  to  find  the  specific  gravity  of  the  solution  at  »•»*" 
referred  to  water  at  4°,  determine  the  angle  «,  and 
according  to  formula  (III). 

The  details  of  practical  methods  are  given  in  Part  IV. 

As  experience  has  shown  the  siwrific  rotation  t't 
from  solutions  is  .seldom  a  constant  number  ;  with  m^l  »ub 
stances  the  value  changes  through  several  influence*  in  n  rnoir 
or  less  marked  degree,  being  dependent  cm: 

1.  The  concentration  of  the  solution. 

2.  The  nature  of  the  solvent, 

3.  The  temperature. 

A  detailed  discussion  of  these  relations  will  lie  given  in  the 
following  chapters. 


I.  CONSTANT  SPECIFIC  ROTATION  OF 
SUBSTANCES 

48,  Cftne-Sugpur  was  the  first  substance  whone  specific  rotation 
was  determined  by  Biot  in  1835  and  he  found  that  for  t  con- 
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stant  length  of  the  observation  tube  the  angle  of  rotation 
proportional  to  the  amount  of  sugar  in  solution;  in  otiier 
words,  the  same  value  resulted  for  [<*]  whatever  eoeeentratioe 
of  the  solution  was  employed.  The  same  was  found  for  mix- 
tures of  turpentine  and  ether.  Biot,  assuming  from  snob 
results,  that  the  amount  of  rotation  is  simply  proportioxial 
to  the  number  of  active  molecules  passed  by  the  light  in  going 
through  the  solution,  reached  the  following  law: 

"  When  an  active  substance  is  dissolved  in  an  inactive  sol- 
vent, which  produces  no  chemical  change,  the  angle  of  rota- 
tion observed  is  proportional  to  the  amount  by  weight  of  tiae  ' 
active  substance  in  the  unit  volume  of  solution,  and  the  specific 
rotation  is  therefore  a  constant  quantity." 

According  to  our  present  knowledge,  however,  perfect  con- 
stancy tn  the  values  for  [a]  are  shown  by  but  few  substances. 
Even  with  cane-sugar  later  more  exact  investigations  have 
shown  that  with  decreasing  concentration  of  the  aqueous  solu- 
tion the  specific  rotation  increases  slightly,  it  being  in  fact 
found  that  by  changing  the  percentage  strength  from  65  to  2 
per  cent  of  sugar,  the  value  [or]  a  increases  uniformly  from 
65.62°  to  66  80°,  that  is  about  i  8  per  cent  (See  §  52.)  On 
the  other  hand  in  certain  gases  even  with  great  variations  in 
the  concentration  no  such  regular  change  in  the  rotation  could 
be  found,  for  example 

Milk-Sugar  which  was  investigated  in  32  aqueous  solutions 
varying  in  strength  from/  =  2.35  to  p  =  36  per  cent.,  gave 
for  the  specific  rotation  numbers  which  varied  irregularly 
between  the  limits  |>]£  =  51  94°  and  53.18°.  The  mean  of 
all  determinations  was  \a\%  —  -f  52.53°  f<>r  ClsHaOu.HsO 
(Schmoger).1 

Khamnose  shows  between  the  limits  c  =  3  to  30  the  constant 
specific  rotation  [>]£=  + 8.50°  for  C^A-E^O  (Schnelle 
andTollens).* 

Parasantonide  in  Chloroform. — Of  this  very  strongly  rotating 
*  substance  13  solutions,  varying  in  strength  from/  =  0.14  to 
48  per  cent.,  gave  rotations  between  [a]5  =  +  887.9 

i  Schmoger  Ber  d  diem.  Ges.,  13, 1922 

«  Schnelle  and  Tollens   Ann  Chem.  (Ijttes),  371*  6<- 
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896.5°.  The  mean  of  all  observations  was  [«]/>  =  +  890.9° 
which  differ*  from  the  extreme  values  by  only  0.5  per  cent. 
The  rotation  is  constant  for  other  light  rays  than  D.  The 
temperature  likewise  did  not  seem  to  exert  any  appreciable 
influence.  In  solutions  of  the  body  in  alcohol,  however,  for 
the  slight  change  in  concentration  from/  =  o  26  to/  =  8.5 
a  change  from  [0;]%  =  -f  880  to  [ai]%  =  -4-  833.9  followed 
(Xasimj  5 

Saatonide,  dissolved  in  chloroform,  for  all  concentrations 
betw  een  r  —  3  and  30  and  for  all  kinds  of  light  shows  a  con- 
stant specific  rotation  For  example,  for  yellow,  [ct]D  =  -f- 
754  ( 


Nicotine,  which  possesses  the  specific  rotation  [0]*%  =  —  164° 
dissolved  in  benzene  gave  the  following  numbers  . 

Nicotine.  [a]J,°  Nicotine  [a]Jf 

p   --  84  36        -  164  29°          p  —  19  oo  —  163  95° 

4^  05        —  164  14  16  36  —  163  88 

2547        —164.10  852  —163.67 

Mean  [o]«  =  —  164  00° 

There  is  therefore  here  but  a  very  small  change  in  the  specific 
rotation,  amounting  to  only  0.2  percent  (Hem)  3 

In  like  manner  the  specific  rotation  of  nicotine  remains 
almost  unchanged  when  it  is  dissolved  in  ether  or  acetone, 
while  with  aniline  and  toluidine  there  is  a  slight  decrease  to 
about  j>]'J  =  -  156.5  (Hein).  The  decrease  in  ethyl  or 
propyl  alcohol  is  somewhat  more,  while  with  water  it  is  very 
marked.  (  See  §  52.  ) 

Cocaine,  dissolved  in  chloroform,  shows  for  solutions  vary- 
ing from  P^IQ  to  25,  specific  rotations  which  are  always 
between  [aft  =  -  J6.2S0  and  -  16  36°  (Antrick)  4 

With  several  other  substances,  for  example,  d-campkor&s- 
solved  m  almond  oil  or  olive  oil  (Aignan),5  and  l-ct-camphol 
dissolved  in  alcohols,  acetone,  acetic  ether  or  hydrocarbons 
<  Haller  )"  constancy  in  the  specific  rotation  was  found,  but  the 

Swim    Ber  d  ch«a  Ges  ,  14,  i5ia 
Kuua  Acwd  d  uncei.  [3], 


.      , 

Heia   inaug  DUB  ,  Berlin  (1896) 
Aatnck    Her  d  chens  Ges.,  ao,  321 
Se*  next  paragraph. 
Compt 
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experiment*  covered  but  small  variations  to 

As  i»  apparent,  therefore,  the  Biot  law  given  above  possesses 
but  a  limited  applicability. 

II,    VARIABLE   SPECIFIC    ROTATION    OF    DISSOLVED 
SUBSTANCES 

A,  D«p*ndtnc*  of  tho  Specific  Rotation  on  the  Concentration  of  the 

Solution* 

49.  In  the  investigation  of  aqueous  solutions  of  tartaric  acid, 
Hint'  found  in  1838,  that  the  specific  rotation  of  this  sub- 
stance wat  the  larger,  the  more  dilute  the  solution  employed. 
Tli  IH  fa**?  wns  considered  a  long  time  as  an  exception,  until  in 
with  tht*    aid  of   better   polarisation  apparatus,  Biot* 
that  tht*  phenomenon  appears  with  other  substances 
al-wi      Tims,  with  increasing  dilution  of  its  solutions  in  alcohol 
mi  iut'lu  {ttitl  i'(tm|thor  showed  a  decrease  m  .specific  rotation, 
lnt|*c»tiitc'  «m  Uu*  iontnuv,  by  increasing  additions  of  alcohol 
i»i  ulixi    i>»l  .ut  imu.tsf,  and  lin.illv,  even  with  sugar,  a  slight 
ituitMM  was  itbsii\id  \s»th  anini'iease  in  the  amount  of  water. 
Ik-side*  this,  llu  Hirtncnce  of  the  solvent  \vtis  brought  to  light, 
.is   a»  ihr  I.*M'  «»t     f.uuphoi    difTerent  values   for    [«]    were 
t»l»iiiin««i  1»\  ilissuKnt);  it  in  alcohol   01  in  the  same  amount  of 
aittu    u  hi       Mutt  llu-n  niiU-d   c-letuh    the  fact,  that  in  general 
Ihr   \iiltu-*  of  sjm  ifu-  lotatjons  calculated  from  solutions  are 
mute   «»i    Uv.  \.nuhli1  numlHfis,    and    that  consequently  the 
imiUiuIrs  «»(  tlu-  .it  live  substances  seem  to  .suffer  some  altera- 
tion In  i  he  jticst'itre  of  the  inactive)  solvent  particles/ 

f-'tii  a  lung  ume.  howevvi,  this  widening  of  our  knowledge 
t»r  f»|mifu-  n»t  At  uin  remained  largely  unnoticed.  The  fact  that 
in  Mituliuitft  of  CHia-sHKnr,  the  angle  of  rotation  is  almost 
exactly  |t!o|mrttoimt  to  the  concentration,  and  that  accordingly 
Iruiii  the  olnwrvctl  angle  of  rotation,  the  amount  of  sugar  can 
iw  calculated,  led  to  the  construction  of  the  optical  saccharkn- 
elem  which  Moon  !>ecame  extensively  used,  and  were  also 

ABB,  «hlm.  phj*,  [aJ(  »<>•  385. 

t  .pec.  d.  corpaact.  dtesous. 


(E^ndoltt  Ann.  Ch«m 
ftta  tad  long  ita«. 
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employed  In  tlie  investigation  of  other  substances.  In  spite 
of  tlie  fact  that  Biot1  in  1860  had  published  an  extended  paper, 
which  contained  a  resumed  of  all  his  work  in  this  field,  and 
again  called,  attention  to  the  correct  relations,  the  opinion  was 
still  in  the  main  held  that  active  substances  in  general  behave 
as  does  cane-sugar  j  it  was  therefore  considered  sufficient  in 
the  optical  examination  of  a  substance  to  determine  the 
rotation,  for  a  single  solution  and  then,  from  this,  by  aid  of 
formula  II  or  III,  to  calculate  the  specific  rotation  and  con- 
sider this  as  constant.  In  this  way,  a  great  many  specific 
rotations  have  been  determined,  which,  generally  with  no 
mention  of  the  concentration  or  solvent  employed,  have 
slipped  into  the 'physical  and  chemical  handbooks  and  have 
been  retained  for  a  long  time. 

In  1873  Oudemans2  independently  found  that  the  specific 
rotation  can  assume  very  different  values  when  different 
inactive  liquids  are  used  as  solvents.  Hesse8  published  in  1875 
a  large  number  of  determinations  of  rotations,  of  over  fifty 
active  substances,  and  in  solutions  of  different  concentrations. 
Even  with,  only  small  variations  in  the  latter  (between  i  and 
10  grams  in  loocc  )  nearly  all  bodies  exhibit  marked  differences 
in  specific  rotation,  and  in  most  cases  a  decrease  m  this  with 
increase  in  concentration  Still  greater  differences,  amounting 
often  to  over  50  per  cent  ,  were  found  by  varying  the  liquids 
employed  as  solvents  The  numerous  investigations  which 
have  been  carried  out  in  the  last  twenty  years  on  the  rotation 
of  new  organic  substances  have  led  to  the  same  results 

50.  The  Determination  of  the  True  Specific  Rotation  of  Dissolved 
Substances,  According  to  Biot. — Only  such  value  can  be  given  to 
the  specific  rotations  calculated  from  a  single  solution  as 
attaches  to  a  constant  obtained  under  special  conditions.  But 
Biot*  showed  long  ago  in  his  investigations  on  the  rotation  of 
tartaric  acid  how  a  definite  meaning  may  be  given  to  these 
variable  numbers  and  this  is  explained  in  the  following  con- 
siderations: 

i  Biot :  Ann.  cMm  phys ,  [3],  59, 206 

3  Oudemaxis:  Fogg*.  Ann ,  148, 337 :  Ann  Chem  (Ijebig),  166, 65 
3  Hesse  Arm.  Chem.  (Liebig),  176, 89, 189. 

*  Biot-  M£nx.  del'Acad,  15,  205  (1833);  16.  354  (1838),  Ann  chim.  phys  [3],  10, 
383  (1844),  aS,  215  (1850);  36,  357  (1852);  59,  219  {1860} 
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For  liquid  active  substances  the  specific  rotation  may  be 
directly  determined,  and  for  a  given  temperature  this  is  a  con- 
stant. If  now  such  a  body,  for  example  turpentine,  be 
mixed  in  different  proportions  with  an  indifferent  liquid,  such 
as  alcohol,  and  then  from  the  percentage  amount,  the  specific 
gravity  and  observed  rotation,  the  specific  rotations  be  calcu- 
lated, values  result  which  differ  more  or  less  widely  from  that 
found  for  the  pure  substance.  The  original  rotation  of  the 
body  undergoes  then  a  change  by  reason  of  the  presence  of 
the  inactive  molecules,  most  active  substances  showing  an 
increase  m  rotation;  a  few,  however,  a  decrease  in  specific  ro- 
tation by  increase  in  the  amount  of  the  solvent.1 

If  the  active  body  is  solid  it  can  be  investigated  only  in  solu- 
tion, and,  according  to  the  constitution  of  the  latter,  different 
numbers  for  the  specific  rotation  are  obtained  which  do  not 
represent  the  real  specific  rotation  of  the  pure  substance  but 
values  modified  by  the  presence  of  the  inactive  solvent  and 
differing  from  the  first  to  an  extent  which  is  quite  unknown. 

If  a  pure  homogeneous  liquid  is  employed  as  solvent  so  that 
indifferent  molecules  of  one  and  the  same  kind  only  affect  the 
molecules  of  the  active  body,  changes  m  the  specific  rotation 
may  be  followed  most  readily  by  graphic  representation  by 
taking  the  percentage  amounts  of  inactive  solvent  (y)  as  ab- 
scissas in  a  coordinate  system,  while  the  corresponding  values 
for  [a~\  are  taken  as  ordinates  An  increase  or  decrease  in  the 
specific  rotation  is  often  shown  then  as  a  straight  line  which 
inclines  in  proportion  to  changes  in  q  and  which  may  be  repre- 
sented by  the  general  formula 

/T\  r  fV\    A     _L    TJ  n 

{•*•)  L  J       •"•}&&) 

the  constants  in  which,  A  and  B,  may  be  calculated  from  the 
experiments.  In  other  cases,  on  the  contrary,  the  line 
obtained  is  not  straight,  but  is  a  curve,  ordinarily  a  part  of  a 
parabola  or  hyperbola,  in  which  case  the  dependence  of  the 

1  This  could  be  seen  by  aid  of  a  polarization  apparatus  placed  vertically,  the  obser- 
vation tube  being  left  open  above.  I«et  turpentine  oil,  for  example,  be  poured  into 
the  tube  and  say  i  cm  in  height,  and  the  rotation  then  observed  Now  by  adding 
Jl  increased  amounts  of  alcohol,  and  observing,  greater  and  greater  rotations  will  be 

'  found     The  number  of  active  molecules  is  the  same  throughout,  but  they  are  distrib- 

uted through  a  lengthened  column  By  employing  nicotine  and  diluting  gradually 
•with  water  a  constantly  decreasing  rotation  would  be  found. 
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specific  rotation  on  g  is  shown  by  an  expression  of  the  form 


by  some  other  equation  with  several  constants. 
In  these  formulas,  A  represents  the  specific  rotation  of  the 

*e  S1jbstance>  a°d  the  values  for  *•  foramla  (*)<  and  £or  ^ 
ff       *°rmula  (II),  represent  the  increase  or  decrease  which  A 
slitters  by  the  presence  of  i  per  cent,  of  inactive  solvent. 

If  g  —  o  we  hare  the  specific  rotation  of  the  pure  substance  j 
«,  on  the  other  hand,  in  equations  I  and  II  we  put  g  =  100, 
tnere  results  for  [a]  a  value  which  must  be  looked  upon  as 
tfce  specific  rotation  of  the  body  in  solution  of  infinite  dilution. 
It  we  assume  that  in  the  case?=ioo,  the  active  body  has 
entirely  disappeared,  and  the  liquid  consists  of  the  inactive 
solvent  only,  the  rotation  then  must  become  o  This,  accord 
mg  to  Biot,2  may  also  be  derived  from  the  above  expressions 

by  putting  them  equal  to  the  equation  [«]  =  £L*™    whicl 

u  J        /  p  .  d 

represents  the  specific  rotation  as  calculated  directly  from  th< 
observed  rotation  a.     if  m  the  last  equation,  in  place  of  p 

*The  three  constant^.  5  and  C  of  the  formula  [a]  =  ^  +    *£-  may  be  found  a. 
'  [3]'  "'  ^  «  «  m  the  following  way,  d  for  thre 

the 


If  we  take 

^  -*•£  =  <*,  £C=*,          C 

tlien  the  values  for  a  and  e  follow  from  these  equations  . 
(  Mt  fc  - 


1   T     «,  _  a      c  _ 

and  therefore  S  from  each  of  the  following  equaUons  . 
(Mi  —  a)  (?i  +  c)=  —  J, 
(Ha  —  a)  (?.  +  «)=  —  *, 
Finally  we  have  <  Mt-  «)  (fc  +  e)  -  -  ft, 


Biot  brings  the  equation 
also  into  the  form :  C  + q 


-7*-   and   C' 


!~T 

Instead  of  ?  in  the  above  formulas  we  can  naturally  introduce  ;>  and  write 

W  =  A  -{-  /?  (100  —»  T  c  (100  —  »s. 
*  Biot :  Ann.  chim.  phys.,  [3],  10,  399,  §  59 ;  59,  ^  §  !5. 
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inasmuch   as  p  +  q  =  ioo,  we  put  the  value  ioo  —  ^,  and 
take,  for  example,  using  formula  (I), 

Of     IOO  „ 

Ld  (ioo  —  q}  ~r     2> 

there  follows 

a  =  l.d  \A-\-  (B  -  —]  q  —  ~$*  1  . 
L          \         ioo/  z       ioo*  J 

If  in  this  equation  we  place  q  =  ioo,  then  a  =  o  ;  that  is,  the 
rotation  has  disappeared.  If,  on  the  other  hand,  q  =  o  then 
there  results  a  =  l.d. A,  that  is  the  angle  of  rotation  which  a 

*  column  of  the  pure  active  substance  /  dm  long  with  the  specific 

V  a 

gravity  d  shows     From  this  -j.  =  A  results  and  as  at  the  same 

time  73=  [or]  it  follows  that  [a]  —A,  that  is,  the  specific 

rotation  of  the  pure  substance  without  solvent. 

With  active  liquid  bodies  which  may  be  mixed  in  all  pro- 
portions with  the  inactive  solvent,  the  change  in  the  original 
specific  rotation  may  be  followed  by  experiment  to  the  most 
dilute  solutions,  and  consequently  the  whole  curve  from  q  =  o 
to  nearly  q  =  TOO  may  be  constructed  If  from  a  number  of 
solutions  in  this  case  the  constant  A  be  calculated,  a  value 
must  result  which  agrees  the  more  perfectly  with  the  real 
specific  rotation  of  the  pure  substance,  the  larger  the  portion 
of  the  curve  covered  by  the  observations  and  the  nearer  this 
approaches  the  abscissa  q  —  o,  that  is  the  greater  the  corre- 
sponding concentration 

If  the  active  substance  is  solid  its  original  specific  rotation 
can  not  be  directly  determined,  and  at  the  same  time,  depend- 
ing on  the  conditions  of  solubility,  only  a  more  or  less  com- 
plete portion  of  the  curve  may  be  established,  beginning  at 
some  distance  from  the  zero-point  of  the  coordinate  system. 
If  the  constants  of  the  formulas  (I)  and  (II)  be  calculated 
from  the  observations  made,  the  values  obtained  can  be  used 
for  interpolation  with  accuracy  only  within  the  limits  of  con- 
centration embraced  by  the  solutions  used  for  the  experiments. 

It  may  be  asked  now,  how  far  one  is  justified  in  such  a  case  in 
looking  upon  the  value  obtained  for  A  as  representing  the 
specific  rotation  of  the  pure  substance.  The  extrapolation 
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which  is  made  here  is  allowable  when  the  change  in  the 
specific  rotation  is  represented  by  a  straight  line,  that  is  b> 
the  formula  [or]  =  A  +  B  q  If,  however,  it  is  a  curve,  the  A 
calculated  from  the  formula  [«]  =  A  +  B  q  +  €<?  (or  som< 
other  one)  will  represent  the  true  specific  rotation,  the  les; 
accurately,  the  smaller  the  portion  of  the  curve  which  could  b< 
obtained.  How  far  this  end  may  be  reached  depends,  there 
fore,  on  the  greater  or  less  solubility  of  the  active  body.  I 
only  dilute  solutions  of  it  may  be  prepared,  and  if  it  appear 
at  the  same  time  that  the  values  for  [a]  do  not  increase  o 
decrease  linearly  with  q,  then  there  is  no  hope  that  the  specifi 
rotation  of  the  pure  substance  may  be  reached. 

If  in  formulas  (I)  and  (II)  instead  of  q,  the  amount  c 
active  substance  in  100  parts  of  solution,  that  is,  p,  be  taker 
then  the  constant  A  represents  the  specific  rotation  in  cor 
dition  of  infinite  dilution,  and  the  rotation  of  the  pure  sut 
stance  follows  when  p  —  100  is  taken.  But  the  use  of  q  is  t 
be  preferred,  according  to  the  above  explanations. 

In   finding  the  specific  rotation  according  to  the  forrnul 

[a]  =  — the  determination  of  the  specific  gravity  of  tl 

*  •  C 

solution  is  omitted,  and  only  the  concentration,  c,  by  aid  of 
flask  of  known  volume,  determined.     If  we  change  then  tl 
above  equations  (I)  and  (II)  into  [a]  =  31  +  3k and  21  +  23^  - 
St2  and  place  c==  100,  there  results  the  specific  rotation  for 
solution  which  contains  in  100  cc.  100  grams  of  active  substanc 
But  this   would  represent  the  pure  substance  only  when  i 
specific  gravity  is  equal  to  unity  ;  but  if  this  is  different,  = 
which  is  practically  always  the  case,  then  for  the  value  c,  100 
must  be  substituted     This  requirement  can  be  satisfied    b 
rarely,  and  even  then  not  with   certainty,  as  it   assumes 
knowledge  of  the  specific  gravity  of  the  active  substance  in 
unknown  amorphous  condition ;  numerical  values,  theref 01 
of  specific    rotations   coupled  only  with  the   concentratic 
without  definite   statements  as    to  the  specific  gravity  a 
percentage  composition  of  the  solutions,  can  not  be  used 
calculate  the  true  specific  rotation  of  the  substance  free  f re 
solvent. 


\ 
f 


Finally,  with  reference  to  crystallized  bodies,  it  -must  be 
understood  that  the  constant  A,  calculated  from  their  solu- 
tions, expresses,  as  a  matter  of  course,  only  the  rotation  which 
is  characteristic  of  the  molecule.  This  value  may  be  very 
different  from  the  specific  rotation  which  belongs  to  the  solid 
crystal,  as  shown  in  §  7,  because  here,  besides  the  molecular 
rotation,  the  crystal  rotation  comes  into  play  also 

51.  Reduction  Formulas. — Alterations  in  specific  rotation  of 
dissolved  bodies  may  be  expressed,  as  explained  above,  as 
functions  of 

1 .  The  percentage  amount  of  inactive  solvent,  q- 

(I)  [or]  =  A  +  Bq  +  €<?•> 

2.  The  percentage  amount  of  active  substance,  p : 

(II)  [«]=«  +  #  +  ^2; 

3.  The  concentration,  c,  or  grams  of  active  substance  in  100 
cc.  of  solution. 

(III)  [a]  =  91  +  93*  +  &?, 

in  which  case,  however,  the  constant,  21,  has  no  definite  meaning. 

In  many  cases  the  third  constant  in  these  expressions  dis- 
appears. 

For  transformation  of  the  constants  of  the  equations  (I) 
and  (II)  we  take:1 


I  a  =  A  -f-  100  B  -f-  10,000  C 

T  b  =  —  B  —  200  C 

c==  C 


A  —  a  -\-  100  b  -f-  10,000  c 
B  =  —  b  —  200  c 


Thus  Tollens2  established  the  following  formula  for  cane- 
sugar  in  an  aqueous  solution  which  holds  within  the  limits, 
p  =  3  top  =  69  per  cent., 

[«]/,  =  66.386  +  o  015035/1  —  0.0003986  /', 
from  which  follows  for  ^  =  31  to  97  per  cent  , 

[a]  ^  =  63.  904  +  0.064686^  —  0.0003986^. 

1  The  calculation,  of  A  from  equation  (II)  follows  by  taking  m  equation  (I)  g  <=  o 
and  in  (II)  p  =  100  and  then  equating  the  two     On  the  other  hand  a  follows  from 
equation  (I)  when  in  (I)  we  take  q  —  ioo  and  m  (II)  p  =  o 

As  p  +  g  =  ioo  we  have  further  the  equations 

A  +  B  (ioo  —  p)  +  C  (ioo  —  /)«  <-  A  +  ioo  B  +  10,000  C  +  bp  +  cp\ 
a  +  b  (ioo  —  g)  +  c  (ioo  —  y)»  =  a  +  ioo  b  +  10,000  c  +  Bq  +  C?2, 
from  which  the  relations  between  B  and  b,  and  C  and  c  follow 

2  Tollens    jjer  d  chem  Ges  ,  10,  1410  ,  17,  1757. 
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I^andolt1  found  for  camphor  dissolved  in  benzene  within  thi 
limits  q  —  37  to  g  =  76  : 

[>]/>  =  55-2I~  0.1630?, 
from  which  follows  for/>  =  24  to  63  per  cent., 

[«]/>  =  38-91+0  1630^. 

It  is  sometimes  required  to  change  the  constants  of    th 
equation 

[*]  =  a  +  bp  +  <g?, 

for  a  substance  with  molecular  weight  ^/  so  that  they  wil 
apply  for  a  derivative  (hydrate,  salt,  etc.  )  with  the  molecula 
weight  M^.  Then  the  above  formula  becomes  . 

[«]  =  «1  +  ^  +  ^, 
and  the  constants  of  this  are  found  -2 
i  .  In  the  case,  M  <C[  M^  from 
M  , 


2.  Iii  the  case,  M  >  M^  from 


For  example,  the  following  equation  was  established  b 
Tollens8  for  anhydrous  glucose,  C^^O,,,  M  =-  180- 

Ca]a  —  52.50  +  0.018796^  +  o.ooo5i683/2 

From  this  there  may  be  derived  for  the  hydrate,  C0H,.,O0  - 
H2O,  M1  =  198,  the  following  formula,  taking  into  considers 
tion  that  M  <  M, 

IXU  =  47-73  +  0.015534^  4-  o  00038830^'. 

52.  Experimental  Proof  of  Blot's  Formulas  __  With  what  degrc 
of  certainty  the  true  specific  rotation  of  a  substance  may  I 
calculated  from  observations  on  its  solutions  can  be  determine 
by  experiments  on  active  liquid  bodies.  First,  the  specif 
rotation  is  found  directly,  and  then  a  number  of  mixtures  wit 
inactive  liquids  are  prepared  and  from  the  observed  rotatioi 
in  these  the  constants  in  the  formula  [<*]  ~-  ^  -|-  Bq  or  [or]  = 

1  I«andolt:  Ann  Chem  (I4eblg),.i8p,  334. 

a  In  the  introduction,  §a,  the  calculation  is  carried  out  only  for  the  cose  J\f<  M:. 

8  Tollens   Ber.  d.  chem  Ges  ,17,  3338, 
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^  -f  .flip  •+•  G?*  are  derived.  The  values  obtained  for  A  by 
using  different  solvents  must  all  agree  very  closely  with  the 
observed  value  [oi\ ,  and  it  remains  to  see  how  far  this  agree- 
ment is  diminished  when  only  solutions  of  low  concentration 
are  employed  in  the  calculations,  as  is  the  case  with  bodies  of 
slight  solubility 

Experiments  of  this  kind  have  been  made  with  right  and 
left  turpentine,  nicotine,  and  ethyl  tartrate  (I/andolt)  -1 

In  the  following  observations,  which  for  purpose  of  illustra- 
tion are  given  in  full,  the  angles  of  rotation  were  found  mostly 
by  aid  of  the  Wild  polaristrobometer  and  as  the  means  of  ten 
single  observations  The  normal  temperature  of  20°  employed 
was  secured  by  jacketed  tubes,  the  densities  d  are  reduced  to 
water  at  4°  as  standard  l 

/.  Left  Turpentine  Oil 

The  French  oil  with  boiling-point  160°  to  162°  was  used 
and  the  rotation  found  in  two  tubes  of  different  length  • 


d"° 

"•4 

/in  dm 

a" 

Mr 

0.8629 

0.9992 

—  31  91 

—3700 

1  ' 

2  1979 

—  70  20 

—3702 

Mean, 

—3701 

a   Mixtures  with  Alcohol. 
The  specific  gravity  ot  the  alcohol  used  was,  d™  =  o  7957: 


Mixture 
No 

Turpentine  oil 
P 

Alcohol 
9 

d30 

U4 

a  for       ' 
/  =  2  1979  dm 

WB 

I 

9005 

995 

08556 

—  62.72° 

—  37  04° 

II 

6994 

3006 

08392 

—  4805 

—  3725 

III 

4997 

50.03 

08254 

—  34-04 

—  37-55 

IV 

29.97 

70.03 

O8I27 

—  2O  29 

—  3790 

V 

IQOt 

8999 

o.Soir 

—    6.78 

-3849 

*  Landolt   Ann  Chem  (I,iebig),  189,  311  (1877) 

>  In  the  following  tables  all  the  numbers,  which  in  the  original  paper  were  carried 
out  to  four  places  of  decimals  for/  and  ?,  to  five  places  for  d  and  to  three  places  for  a 
and  [a],  have  been  shortened  In  consequence  a  recalculation  of  [a]  might  lead  in 
some  instances  to  values  differing  by  one  or  two  units  in  the  last  decimal  from  those 
now  given  But  this  is  of  no  consequence  for  the  present  purpose 
12 
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b.  Mixtures  with  Benzene 


The  benzene  used  had  a  boiling-point  of  80.4°  and  a  specific 
gravity,  d™  =  0.8803  : 


Mixture 
No 

Turpentine  oil 
P 

Benzene 
9 

d? 

a  for 
/==2  1979dm. 

Ms 

I 

8992 

I008 

08634 

-63.47° 

—37.19° 

II 

77-93 

82  07 

0.8644 

—  55-50 

—37.49 

III 

65  06 

3494 

0.8656 

—  4679 

—37.80 

IV 

51.05 

4895 

o  8677 

-37-rS 

-3818 

V 

369° 

63.10 

o  8705 

—  27  20 

-38.52 

VI 

22,06 

7794 

08738 

—  17.21 

—3903 

VII 

9.98 

9002 

08771 

—    7-59 

-39.45 

c.  Mixtures  with  Acetic  Acid 

The  acetic  acid  used  had  a  density,    ^=1.0502,  corre- 
sponding to  99.8  to  99.9  per  cent,  of  real  acid. 


Mixture 
No 

Turpentine  oil 
P 

Acetic  acid 

q 

d? 

a.  for 
1=2  1979  elm. 

O]?? 

I 

90.16 

984 

0.8757 

—  64.46° 

—  3715° 

II 

7807 

21.93 

08917 

—  5723 

—  3741 

III 

64.86 

35-H 

0.9116 

—  49-24 

-3789 

IV 

5097 

49-03 

0-9353 

—  4027 

-3843 

V 

22  96 

7704 

o  9918 

—  19.86 

-3967 

VI 

984 

90  16 

1.0233 

—   890 

—  40.22 

As  the  above  observations  show,  the  specific  rotation  of  the 
turpentine  increases  in  all  cases  with  increase  in  the  amount 
of  inactive  solvent  q,  and  in  the  curves  shown  in  the  graphic 
illustration  (Fig.  t6)  that  for  acetic  acid  ascends  the  most 
rapidly,  that  for  benzene  less,  and  that  for  alcohol  the  least. 
The  curvature  of  these  is  not  great,  but  they  differ  too  much 
from  a  straight  line  to  permit  the  application  of  the  formula 
[a\  =  A  •+  Bq.  If  the  constant  A  is  determined  from  two 
mixtures,  values  are  found  which  are  always  smaller  than  the 
specific  rotation  of  the  pure  turpentine  oil  (37.01),  and  which 
depart  the  more  widely  from  this,  the  more  dilute  the  solu- 
tions are  that  are  used  in  the  observations.  This  is  shown, 
for  example,  by  the  following  figures : 
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From  the  mixtures 
•with  alcohol 

I  and  II 
II     "  III 

III  "    IV 

IV  "     V 


Fig   16 

There  results 

A  = 

36.93 
3679 
#66 

3587 


Deviation  from 
3701 

— -008 

—  0  22 

-035 

—  I  14 


Extrapolation 
Per  cent 

10 
30 
50 
70 


If,  on  the  other  hand,  the  formula  [a~\  =  A  -\-Bq-\-  Cq*, 
be  used  and  the  constants  be  calculated  from  solutions  with 
the  smallest^  a  mean,  and  the  largest  value  for  g,  there  results 
for  A  a  number  which  is  very  near  the  specific  rotation  of  the 
pure  turpentine  oil,  and  further,  the  formula  agrees  in  a  very 
satisfactory  manner  with  the  whole  determined  curve  from 
q  =  10  to  90 

There  follow  from  the  mixtures  with 

a.  Alcohol,  calculated  from  solutions  I,  III,  V, 

[oi]a  =  36,97  -f  0.004816  q  +  0.0001331  f. 

b.  Benzene,  calculated  from  solutions  I,  IV,  VII, 

IXU  =  36.97  +  0.021531  q  +  0.0000667  f- 
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c.  Acetic  Add,  calculated  from  solutions  I,  IV,  VI, 

Mz>  =  36.89  +  o  024553  q  H-  0.0001369  </ 
These  formulas  give  the  following  interpolation  values: 


auivuioii'i            mixture 
in                        No. 

Alcohol....   | 

y 
30.06 
70.03 

Obseived. 
3725° 
37.90 

Calculated 

37-24° 

Cni     *  ni; 

o.ol" 

|   o.»  '6 

II 

22.07 

37-49 

37.48 

O.tll 

III 

34-94 

37.80 

37.80 

O.tHI 

tn/iMie  .... 

V 

63.10 

38.52 

38.59 

|   n.t*7 

VI 

77.04 

39-03 

39.03 

n.«»i 

r     n 

21-93 

37-41 

37-50 

|    n.ti<? 

Acetic  acid.  \       III 

35-14 

37.89 

.47-93 

|   o.i  M 

I         V 

77.04 

39.67 

39.60 

0.07 

If  we  employ  only  the  dilute  solutions  in  calculating 
constant    A,   by  the  three-term  'formulas,  deviations  of  UK* 
following  kind  are  found. 


Itrom  the  mix  tines 

There  results 

Deviation 

with 

/I  — 

from  17  (>1 

Alcohol  .  .  . 

{ 

II,  IV,  V 
III,  IV,  V 

37.20° 
35.13 

1    0.19° 
1.88 

Beu?ene  .  .  . 

{ 

III,  V,  VI 
V,  VI,  VII 

37  26 

35  42 

1-  0.25 
1-59 

Acetic  acid. 

{ 

II,  IV,  VI 
IV,  V,  VI 

36.65 
36  oo 

0.36 

I.OI 

49 

The  deviations  from  the  true  value  amount  thi-n  to  i"  ti»   .'" 
us  soon  as  the  mixtures  contain  more  than  about  50  \>v\  ivul 
of  inactive  liquid. 

77.  Right  Turpentine  Oil. 

The  American  oil  used  showed  at  a  temperature  of  21"  llu* 
following  densities  and  rotations,  the  last  being  found  by  t\v*» 
different  polariscopes: 


JM 
a4 

0.9108 


AppaiatUB 
I 
II 


2  1990  dm 
2.1990    " 


|-  28.35° 
-|-  28.315 


Menu,   14.15 


Mixtures  with  Alcohol. 
The  following  mixtures  were  made : 
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Mixture 
No. 


II 
in 


73.09 

47-S* 

321.94 


77.76 


0.8765 
0.8464 

0.8 1 86 


•  AM* 


+ 

•f  13.08 

•f    6.04 


[*» 


•f  14.50* 
+ 14.79 
•f  I5.*o 


Also  here  with  increaaing  dilution,  a  slight  increase  in  the 
specific  rotation  follows,  and  the  graphic  illustration  (Fig,  17) 
shows  that  the  three  points  4ie  almost  exactly  in  a  .straight 


lino.     The  simple  fuiinuU    M       ./   f   /,',/  t.an    theiefore  be 
applied,  for  the  constants  in  which  we  have 

I'rum    1  mt.l    ii        ./      i,.,t>       /,•      (  ,,,,,,4(l 

11    "  "    ni  1 1 15 

I    "     111  14. 1,H 

The  values  fttunil  fui  J  UKree.aeenidinKlv,  very  closely  with 
those  ftmndhy  dinvt  otnt-rvation  of  the  turpentine  oil  (in 
the  mean  14.15"). 

The  mean  of  the  al«»ve  values  for  .•/  and  />'  ^ives  this 
formula  : 

[«J^      H.*7  i  0.01178 y. 


A  preparation  secured  by  distillinK  the  commercial  product 
in  an  atmosphere  of  hydrogen  was  tested  as  to  purity,  and  was 
found  to  have  a  boiling- point  of  346.6°-246.8°  at  745  ram. 
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The  rotation,  as  well  as  that  of  the  mixtures  given  later,  v 
determined  by  means  of  the  Wild  polaristrobometer,  and  w« 


i.ono          0.9992  dm          — 163.20°  -161.55° 

a.  Mixtures  with  Alcohol 
The  alcohol  used  had  a  specific  gravity,  d™      0.7957. 


Mixture 

Nicotine. 

Alcohol. 

-Jati 

No. 

/ 

? 

«4 

I 

90.09 

9.91 

0.9884 

II 

7493 

2507 

0.9536 

III 

59-93 

40.07 

0.92OO 

IV 

45-08 

S4-92 

0.887S 

V 

30,03 

69.97 

0,8554 

VI 

14.96 

85.04 

0.8251 

a  for 

r«i** 

/     o  9993 

L   J" 

I4t.l6° 

I5H.6 

-  IIO.62 

154.9 

-     83.63 

15J-7 

-      59-49 

14H> 

•     37-32 

145*4 

—    17.46 

141.  f 

As  shown,  the  specific  rotation  of  the  nicotine  decrease 
the  dilution  with  alcohol  increases.  The  graphic  construct 
(Fig.  1 8)  leads  to  a  straight  line  with  slight  variations  to  eil 
side,  and,  corresponding  with  this,  we  obtain  for  the  eonsti 
of  the  formula  [or]  =  A  +  Bq,  almost  the  same  values  w" 
ever  mixtures  are  made  the  bases  of  the  calculation  : 


Prom 

mixtujes 

There  reanlts 

A  -a 

Deviation 
from  161.55. 

Kxt  involution. 
l»er  tent. 

// 

I  and  III 

I60.9O0 

0.6S° 

10 

u.aj! 

II     "    IV 

160.06 

1.49 

35 

O.'JItt, 

III     "      V 

160.31 

I  24 

40 

M.3I, 

IV     "    VI 

161.96 

\  0.41 

55 

«».'3' 

I     "    VI 

16O.9O 

-0.65 

10 

0.3J' 

We  find  therefore,  from  dilute  solutions  also,  results  fu 
which,  in  view  of  the  strong  rotation,  agree  very  well  wit! 
value  found  for  [«]  (-  ---161.55)  from  the  pure  nice? 
From  the  means  of  A  and  B  we  obtain  the  formula 

[«]3"    -160.83  —  0.2224  <p, 
which  leads  to  the  following  interpolation  results  : 


BXPKRIMKNTAL  PROOF  Off  BIOT'S  FORMULAS 


Mixture 
No. 

f 

Obrtmd. 

C«lcuiit»d. 

CH-Obi, 

I 

9.91 

158.65° 

X58.631* 

—  O.09 

II 

3S'07 

154.9* 

155.36 

+  0.34 

III 

40.07 

151.78 

ISL9a 

+  0,14 

iv 

$4-9* 

748,81 

148.63 

-0.19 

V 

69.97 

I4S.4» 

145.37 

-0.13 

VI 

85.04 

141.60 

l4L9a 

+  0.39 

,  Mixtures  with  Water 


Mixture 
No. 

Nicotine, 
/ 

Water. 
9 

flff  *     !    Ma  dm, 

«s 

MS 

I 

89.93 

10.08 

1,0267 

0.9992 

133.47° 

--133.85° 

IX 

78.39 

ai,6i 

1-0353 

0.9992 

§8.82 

--  109.53 

III          65.90 

34-10 

1.0401 

0.9992 

*4-54 

-  94.34 

IV          53-48 

46.53 

1.0365 

0.9992 

47-95 

86.58 

V      '    34.29 

65-71 

I.022K 

0.4982 

*    14.11 

80.78 

VI          I7.6H     i    82.32 

I.OII6 

0.4982 

6.855 

76.94 

VII      i    16.34 

83.66 

1  .0096 

0.4982 

6.317 

76.88 

VIII            8.97 

91.03 

1.0047 

0.9992 

6.  He  4 

75.53 

From  the  table  it  appear**  that  the  .specific  rotation  of  the 
nicotine  suffers  at  first  a  very  sharp  decrease  with  increase  in 
the  amount  of  water  added,  which  later  becomes  gradually 
less.  The  .strongly  bowed  curve  (1%.  18)  is  a  limb  of  a 
hyperbola  and  it  is  not  possible  by  use  of  the  formula  [<*]  = 
A  \  fig  |  (V*»  even  with  addition  of  n  fourth  or  fifth  member, 
to  reach  a  satisfactory  agreement  with  the  observations.  The 
specific  rotation  of  the  pure  nicotine  may  be  found,  even  ap- 
proximately, only  by  calculation  from  the  numbers  obtained  by 
observations  on  the  strongest  solutions.  There  results,  for 
example : 


l-'iom  mixture* 
A 


I,  II,  lit 
163.17 


I,  IV,  VII. 

153.00 


iv,  v,  vin. 
141.16 


If  it  is  desired  to  express  the  whole  curve,  tin  equation  of 
some  other  form  must  be  employed,  as,  for  example,  the 
following  which  eontaiiwrfive  constants : 

[X]      115.010-  1.70607?  i  1/3140.8      108, 867  ^H- 2,5572^, 
'  The  Hjwdfic  jjravlty  of  the  mixture*  Incrcsnen  at  flmt  with  the  increaite  in  the 
wtUrr,  r«ache«  it  mitxlmum  with  mixture  HI,  nnd  tlien  detTCHiien, 
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Mixture 

" 

Tnl 

[ 

No 

q 

Observed 

Calcv 

I 

10  08 

'33850 

13. 

II 

21.61 

109.55 

ioc 

III 

34  10 

94.24 

9< 

IV 
V 

4652 
65.71 

8658 
8078 

8< 
8( 

VI 
VII 
VIII 

82.3! 
8366 
9>  03 

76.94 
76.88 
75-53 

T 
7< 

[«J 

Calculated 

Cal  —obs 

133.920 

1    o<J7 

10949 

0.04 

94.28 

|   004 

86.74 

I   0.16 

8056 

0,22 

77-oS 

i  0.14 

76.84 

-  0.04 

75^6 

i  0.03 

TOCO*  Of  »10T'S  FORMULAS 


l8| 


pure    nicotine   (#«o)    the    above  '  formula   gives'- 
[#]  ws  1614*9°,  instead  of  tfct  obtemd  161.53°.     "  i 

For  q  =  100  [#]  =  74.  13°  ;  by  dilution,  nicotine  suffers  there- 
fore &  decrease  in  its  specific  rotation  which  amounts  to  more 
than  half  its  original  value. 


/K  Ethyl 

The  preparation  used,  which  was  not  quite  pure,  gave  the 
following  specific  rotation  :' 


4.97 


Mean,   8.3! 


0,9992  dm 
0.4982  " 


rt.    Jlfi.r/ittts  with  s 
gnivity  of  the  alcohol  rf*1      0.7962  : 


8.39 
8.33 


Mixtuir    Kthvl  tttttittt**         Alttilnil 


I 

II 
III 


64  Jfo 
7767 


ilin 


878° 

9.62 

9-«S 


The  siwoifio  rolutitm  itu'ivasos  j^iathuilly,  thfreforc,  with  the 
amount  of  alrohol,  and  the  dun^t*  may  be  icpre.senk'd  by  a 
cum*  of  veiy  slight  c-urvature  (Ki^.  10)  \\hidi  almo.st  coin- 
cides with  a  stiatKht  line.  For  the  lormula  [^J  ./  I  Jiq 
there  follows  : 


t'rom  JinxlHrvs    I  and    II 
II    "    III 

I   ••     III 

and  in  the  mean, 


H-34 
8.52 


8,41  |  0.0187?. 


0.0192 


The  formula  with  three  constants  gives  A  .-  8.27°. 

i  Yhrimtwrfrct  purity  of  ihc  Mitwt«nr«  employed  wflfi  without  eonwtiuence  for 
thi*  InvMtiKittinit  \  \wt  wwkl  Jtint  M  well  take  A  mixture  of  the  active  body  with  any 
iimetlve  Muh«t«ncv  an  »  ttt«in,ftnd  rfetefmin*  how  cxnetly  th«  orlghiHl  »peclflc  rotation 
might  tw  found  from  obtefvnUon*  on  nolution*. 


Fig.  19 

b.  Mixtures  with  Methyl  Alcohol 


Mixture 
No 

Ethyl  tartrate 
P 

Methylalcohol 
? 

*? 

ofor 
/  =  2  198  din 

MS 

I 

7746 

22.54 

1.0882 

1788° 

9.650 

II 

56.65 

4335 

i  0007 

12.97 

10.41 

III 

39-92 

60.08 

0.9381 

8.98 

10.92 

IV 

26.97 

73.03 

0.8946 

5.87 

11.07 

V 

I5'3I 

8469 

0.8568 

323 

II.  21 

The  slight  change  which  the  specific  rotation  of  the  ethy 
tartrate  suffers  by  reason  of  the  presence  of  the  methyl  alcohc 
is  not  quite  proportional  to  the  dilution  but  may  be  represente 
by  a  curve,  at  first  rather  strongly  and  later  less  strongl 
inclined  (This  does  not  show  in  the  figure  because  of  th 
small  scale  on  which  it  is  drawn.)  From  mixtures  I,  II,  an 
III  we  have 

\_oi]D  =  8.42  +  0.0625  q  —  0.0003479  g*, 

the  constant  A  agreeing  fairly  well  with  the  rotation  of  th 
original  ethyl  tartrate.    If  we  use  for  the  calculation  th 


dfltrte  soifrtktasHI,  tV,  jtal  V  we  Sfrfefe 
differs  rather  widely  from  tfee  tree  vahie  of  &£? 


Water 


These  were  polarized  immediately  after  rmrfrmg. 


Mixture 
NO. 

Bthyl  tntnfe. 
> 

Water. 
f 

<*r 

/fa  dm. 

ar 

t*l$ 

I 

69.69 

3041 

1.1508 

3.198 

34.68* 

14*06** 

II 

39-8* 

6ai8 

1x1884 

2.199 

19.27 

aa*z 

III 

13-89 

86.n 

2.0393 

2.198 

7-9a 

25.20 

The  very  strong  increase  in  the  specific  rotation  of  the  tar- 
trate  on  addition  of  water  is  almost  proportional  to  the  amount 
of  the  latter  added.  For  the  constants  of  the  formula, 
[a]  =  A  +  Bq  we  obtain  : 

B  =   -r-  0.2O82 

o  1920 


From  mixtures   I  and   II 

II  "     III 

I  "     III 


—   7.69 

8.66 


7  92 


o  2007 


and  in  the  mean, 

[ai]j3  —  8  09  -t-  o  2003?. 

The  marked  deviation  in  the  constant  A  from  the  specific 
rotation  of  the  original  tartrate  (8  31 )  may  be  a  result  of  the 
beginning  saponification  of  the  latter.  After  forty-eight  hours, 
the  above  solutions  gave  rotations  smaller  by  o.  r  to  o  2  °. 

From  the  above  investigations  with  turpentine,  nicotine, 
and  ethyl  tartrate  as  well  as  from  many  other  experiments,  the 
following  relations  have  been  established : 

i.  The  specific  rotation  of  an  active  body  on  increasing  dilution 
with  an  indifferent  inactive  liquid  suffers  no  sudden  change,  but 
a  gradual  progressive  alteration.  Whether  the  latter  is  in  the 
nature  of  an  increase  or  decrease  depends  on  the  nature  of  the 
active  body ;  thus,  oil  of  turpentine  and  ethyl  tartrate  on  being 
mixed  with  different  solvents  show  always  an  increase,  while 
nicotine  and  camphor  (for  which  experiments  follow  in  §53) 
show  a  decrease  in  the  speeiie  rotation.  But  on  one  and  the 
same  active  body  different  solvents  act  in  very  different  degrees, 
so  that  if  the  resiiUs  were  represented  grajafeieally  curves 
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would  be  obtained,  which,  starting  from  the  origin  of 
coordinates,  representing  the  rotation  of  the  pure  substance, 
would  radiate  from  each  other 

The  weaker,  therefore,  a  solution  of  an  active  substance  is, 
the  greater  is  the  deviation  of  its  specific  rotation  from  that 
which  it  shows  in  pure  condition.  The  whole  of  the  changes 
which  have  been  found  here  may  be  shown  by  calculating 
from  the  interpolation  formulas,  the  limits  for?  =  o  (pure 
substance)  and  ^  =  100  (maximum  of  dilution)  With  the 
bodies  investigated  we  obtain  the  following  numbers 


Actue  substance 

Solvent 

1       ,[*]/> 
i     Of  the  pure 
,       substance 
q-o 

MO 
For  maximum 
dilution 

g  =  100 

Difference 

Turpentine  oil 
(left-rotating) 

alcohol 
benzene 
:  acetic  acid 

1       36  97° 
3697 

!     3689 

38790 
3979 
4072 

+    I  82° 
+    282 
+    383 

Turpentine  oil 
(right-rotating) 

alcohol 

14  17 

1535 

H-    1.18 

Nicotine 
(left-rotating) 

i      alcohol 
water 

16083 

161  29 

13859 

74  13 

—  22  24 
—  87.16 

Ethj  1  tartrate 
(  nght-rotatmg  ) 

alcohol 
wood  alcohol 
;        water 

827 
842 
809 

10  19 
11.19 

28  12 

+     I  92 
+     277 
-j-  2003 

It  appears,  therefore,  that  the  specific  rotation  of  an  active 
substance  is  changed  by  different  solvents  to  very  differem 
degrees 

2  From  the  specific  rotation  of  a  number  of  solutions  it  ispossibh 
to  calculate  that  of  the  pure  substance.  The  degree  of  certainty 
with  which  this  is  true  is  different  for  different  substances 
and  is  dependent  on  the  following  conditions  a  Upon  th< 
extent  of  the  changes  made  in  the  specific  rotation  by  th< 
inactive  solvent.  The  greater  these  are,  the  more  unf  avorabl 
in  general,  are  the  conditions  for  calculation  (as  in  the  case  o 
nicotine  for  example),  6.  Upon  the  manner  in  which  thes 
changes  take  place  by  increase  m  the  amount  of  inactiv 
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solvent,  tha^t  is,  li^ftf  wit^e^  they  may  be  represented  by  v 
straight  line,  or  by  one  more  or  less  strongly  curved,  c.  Upon 
the  concentrations  of  the  solutions  used.  The  stronger  these 
are  the  greater  is  the  certainty  in  the  calculations.  The  abow 
investigations  show  that  in  cases  where  the  formula, 
[a\  =  A  -f-  Bq,  is  applicable,  the  constant  A  agrees  accurately 
with  the  true  rotation  of  the  pure  substance  (or  within  a  few 
tenths  of  a  degree),  when  the  strongest  solution  contains  about 
50  per  cent,  of  active  substance.  If,  on  the  other  hand,  the 
use  of  the  formula,  [a]  =  A  +  Bq  -f-  Cq*,  .is  necessary,  vari- 
ations of  more  than  a  degree  can  appear  if  solutions  containing 
less  than  80  per  cent  of  active  substance  are  taken  as  the 
basis  of  calculation. 

3  In  the  calculation  of  the  original  specific  rotation  of  a  sub- 
stance, the  same  value  is  always  obtained  independently  of  which 
indifferent  liquid  is  employed  as  a  solvent  The  numbers  found 
for  the  active  bodies  investigated  (the  constants  A}  are  given 
below 

I     TURPENTINE  OIL  (LEFT) 

Directly  observed .     ...         [a]z?  37.01°        .... 

Calculated  from  the  mixtures  with  alcohol "        36  97    —  0.04° 

"            "        "            "          "      benzene     .   .  "       3697    —004 
"  "      acetic  acid-    "        36.89    -f  o  12 

II     TURPENTINE  OIL  (RIGHT). 

Directly  observed "        1415          •••• 

Calculated  from  the  mixtures  with  alcohol '       14  17    —  o  02 

ill     NICOTINE  (LEFT) 

Directly  observed "  161.55         •••• 

Calculated  from  the  mixtures  with  alcohol    "  160  83  —  o  72 

"  "        "  "        "    water        •-     .  "  16129  —0.26 

IV.    ETHYL  TARTRATE  (RIGHT) 

Directly  observed "  831          

Calculated  from  the  mixtures  with  alcohol  "  8.27    — 0.04 

"  "        "  "        "     methyl  alcohol  "  842    +0.11 

"  "        "  "        "     water "  809—022 

The  differences  found  are  so  small  that  they  evidently  must 
be  results  of  errors  of  observation. 

4.  In  the  comparison  of  the  rotations  of  different  dissolved 
bodies,  only  those  values  may  be  used  which1  hold  for  the  pure 


substances,  thai  is,  the  constants  A.  If  specific  rotations  which 
embrace  the  changes  due  to  the  solvents  be  taken  as  the  basis 
for  comparison,  possible  relations  will  appear,  the  less  dis- 
tinctly, the  weaker  the  solutions  from  which  the  numbers 
were  obtained. 

In  certain  cases*  the  constant  A  can  have,  besides,  a  different 
meaning  from  that  of  simply  expressing  the  original  rotation 
of  the  single  molecules  of  the  active  body.  This  would  be 
true  when  the  active  substance  forms  definite  compounds  with 
the  solvent,  or  when  the  active  molecules  unite  to  form  aggre- 
gations which  as  such  possess  rotation.  See  §  63  and  64. 

53.  Determination  of  the  True  Specific  Rotation  of  Solid  Active 
Substances. — The  method  to  be  employed  here  is  suggested  by 
what  has  just  been  given.     First  of  all  it  is  essential  to  pre- 
pare solutions  of  the  greatest  possible  concentration,  and  as  the 
nature  of  the  inactive  solvent  is  immaterial  one  must  be  chosen 
which  best  permits  the  fulfilling  of  this  requirement      With 
the  aid  of  such  a  solvent  it  is  necessary  to  prepare  at  least 
three  solutions  of  different  concentrations  and  to  determine 
their  rotating  power.     If  the  relation  between  the  specific 
rotation,  [>] ,  and  the  percentage  amount  of  the  solvent,  g,  be 
expressed  graphically  and  it  is  seen  that  the  three  points  lie  m 
a  straight  line,  that  is,  that  [a]  changes  directly  with  g,  then 
the  constant,  A,  calculated  from  the  formula   [a]  =  A  -f  Bq 
will  express  the  specific  rotation  of  the  pure  substance     But 
if  the  middle  point  lies  higher  or  lower  than  the  others  then  a 
larger  number  of  solutions  must  be  investigated  in  order  to 
establish  the  curve  as  completely  as  possible,  for  which  then  a 
corresponding  interpolation  formula  (|>]  =  A  -f  Bq  +  Cg*, 
or  analogous  one)  is  to  be  calculated.     It  is  also  possible  to 
obtain  by  the  graphic  method,  that  is  by  prolonging  the  curve 
obtained  to  the  abscissa  q  =  o,  a  value  which  approximates 
more  or  less  closely  to  the  specific  rotation  of  the  pure  sub- 
stance. 

It  must  be  understood  that  numbers  obtained  by  such  extra- 
polations must  be  received  with  caution.  To  secure  greater 
certainty  it  must  not  be  neglected  to  carry  out  the  investiga- 
tion with  several  different  solvents;  if  the  values  so  found  for 
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the  constant  A  agree  among  themselves  closely  the  mean 
these  will  be  taken  as  the  sought-for  specific  rotation  of 
substance,  but  if  they  do  not  agree  the  whole  calculation  must 
be  rejected. 

In  consequence  of  their  conditions  of  solubility  the  calcu- 
lation of  the  specific  rotation  of  the  original  substances  is 
made  very  difficult  in  many  cases.  According  to  experience 
as  referred  to  above  it  will  be  possible  to  obtain  reliable  num- 
bers only  in  such  instances  where  solutions  may  be  made  with 
at  least  50  per  cent,  of  active  substance,  and  where  further  the 
.  curve  of  rotation  obtained  does  not  vary  too  much  from  a 
straight  line.  With  all  difficultly  soluble  bodies  there  is  no 
prospect  of  finding  the  true  specific  rotation  in  pure  condition. 

As  an  illustration  of  obtaining  the  true  specific  rotation  of 
an  active  solid  substance,  a  series  of  experiments  with  ordinary 
camphor  may  be  given  here.  A  number  of  solutions  in  differ- 
ent liquids  were  made  and  from  these  the  following  figures 
secured  by  observation. 


Solvent 

No  of 
solu- 
tion 

Camphor 
P 

Solvent 
9 

<*r 

°®tor    \  MS 

/  =  2  1979  dm    '      u    J 

Acetic  acid 

I 
II 
III 

65  2519 
39  7*83 
15  8819 

34  748t 
60  2817 
84  1181 

o  98983 
i  01128 
i  03389 

72  117° 
41  652 
15887 

50  801° 
47  181 
44  021 

Acetic  ether. 

I 
11 
III 

53  7260 

34.5489 
14  9221 

46  2740 

65  45" 
85  0779 

o  93269 
o  91987 
o  90686 

58492 
36  520 
15  290 

53-109 
52.283 
51  408 

Mono- 
chloracetic 
ether. 

I 
II 
III 

54.2184 

31.3990 
14  2332 

45.7816 
68  6010 
85  7668 

I  04206 
I  08670 
I  12243 

65356 
38340 
17543 

52  631 

51  "3 
49961 

Benzene. 

I 
II 
III 

63  1250 

49  6359 
24  3169 

36  8750 
5°  3641 
75  6831 

0.93067 
o  91920 
0.89910 

63575 
47097 
20  638 

49  236 
46.966 

42.948 

Dimethyl- 
aniline. 

I 
II 
III 

57.JSI9 
36  0428 
15  1028 

42  8481 

63  9572 
84  8972 

o  95997 
o  95914 

o  95813 

59-533 
35  iSr 
13  708 

49370 
46.263 
43-ior 

Methyl 
alcohol 

I 
II 
III 

49  3866 

30  3154 
n  2590 

5o6i34 
69  £846 
88  7410 

088093 
o  85318 
082700 

46  840 
26820 
9382 

48996 
47-179 
45-844 

Alcohol. 

I 
II 
III 
IV 
V 

54  7281 
49  8142 
30  1620 
15  0920 
96883 

45  2719 
50.1858 
69.8380 
84.9080 
90.3«7 

o  88021 
o  87194 
084031 
o  81752 
0.80943 

50634 
44.806 
25  013 
ii  840 
7.378 

47-823 
46.934 
44.901 
43.661 
42.806 
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Fig     20 

The  specific  rotations  with  all  these  solutions  decreases  { 
the  amount  of  solvent  increases,  but  in  very  different  degre< 
with  different  inactive  solvents  The  graphic  illustration  (.Fij 
20)  shows  that  these  changes  may  be  represented  almo, 
exactly  by  straight  lines  when  as  solvents  acetic  acid,  acet 


OF  SOILED  SUBSTANCES 

M  ^To-  1!^*  "»•»*»  ^.  and  «h 
L«J  —  a  +  u<>  +  d ,  was  used  for  the  calculations 

The  following  table  contains  ;  (i),  tie  values  obtained 
the  constants  A  and  B  from  the  different  soluLs  .^ 
mean  interpolation  formulas  calculated  froi  these ' 
calculated  specific  rotations  of  Resolutions  employe^, 
by  these  formulas,  and  the  drfferences  between^  these 
observation  values  given  in  the  preceding  table 




Solrent 

' 

Acetic 
acid 

Acetic 
ether 

Mono- 
chlor- 
acetic 
ether 

i 

===== 

•  •  

Means 

•••= 

Solu- 
tion 

===== 
3 

calct 
lated 

=2^S3=& 
.  _ 

Difference 
from  obser- 
vations 

—  039 

+  o  04 
—  007 

+  001 

o  oo 
o  oo 

W=A-Sg 

Calculatio 
from 
solutions 

*-- 

land  I 
II  and  II 
I  and  II 

A 

B 

o  1418 
o  1326 
0.1373 

5573 
5517 
55.58 

[«]«  =55  4 
—  013723? 

I 
II 
III 

5072 
47  22 
43-95 

land  I 
II  and  II 
I  and  II 

55ii 
55-21 
55  14 

o  04307 
o  04458 
004384 

o  06608 
o  06769 
o  06677 

—  004383? 

>]0  =  55.70 
—  o  06685  9 

>]/>  =  55  21 
—o  1630? 

I 
II 
III 

53  12 
52.28 
5I.4I 

land  I 
I  and  II 
I  and  III 

5565 

5577 
5569 

I 
II 
III 

52.64 
51.12 
49-97 

+  001 

o  oo 

+  0.01 

Benzene 

land  II 
I  and  III 
I  and  III 

5545 
5496 
5521 

01683 
0.1587 
0.1620 

I 
II 
III 

49.19 
4700 
4287 

—  005 
+  003 
—  008 

Di- 

methyl- 
aniline 

land  II 
I  and  III 
I  and  III 

55-68 
5592 
5576 

o  1472 
0.1510 
0.1491 

«]/»  =  55  78 
—  o  1491? 

I 

n 
III 

4940 
46  25 

43  13 

+  0.03 

—  001 

+  0.03 

Methyl  ' 
alcohol 

I 
II 
III 

Ola  =56  15  —  0.1749  q 
+  o  0006617  f* 

Alcohol 

V 

[a]^  =  54.38  —  0.1614  q 
+  o  0003690  fa  l 

II 

IV 

47.21 
43-33 

+  0.28 
—  033 

'  The  fonnula  M 
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If  we  compare  with  each  other  the  values  obtained  for  the 
constant  A,  from  the  different  solutions  an  agreement  is  found 
which,  in  consideration  of  the  great  extrapolations  necessary 
(from  q  =  o,  amounting  to  25  to  50  per  cent  ),  must  be  con- 
sidered as  a  very  close  one ;  we  can  look  upon  the  mean  of 
these  numbers,  therefore,  as  representing  the  true  specific 
rotation  of  the  pure  camphor.  The  values  for  B,  depending 
on  the  solvent,  vary  on  the  contrary,  very  greatly.  If  we 
calculate  from  the  formulas  the  specific  rotations  for  the  two 
limits,  q  =  o  and  q  =  100,  the  following  results  are  obtained, 
from  which  may  be  seen  to  what  extent  the  different  solvents 
influence  the  rotating  power  of  camphor  • 


Solvent 

[a]D  for?  =  o 

=  Af 

Pure  substance 

[or]  D  for  q  =  100 
Infinite 
dilution 

Total 
change 

ee  e° 

41  8° 

137° 

ec  2 

so  8 

4.  4. 

Monochloracetic  ether 

557 

CC  2 

490 

l8  Q 

67 
16  ^ 

Dimethylaniline   

558 
<?62 

o°  y 
40.9 

/e  i 

149 

TO  Q 

Alcohol  ••••  •••  .   «•• 

C/i  A 

AT    Q 

12  H 

Ofi  y 

From  the  numbers  obtained  we  have  finally  as  the  original 
rotation  of  camphor  at  20°, 

[<U  =  55-4°, 
with  a  mean  error  of  ±  o  4°. 

54.  Slight  Changes  in.  Specific  Rotation  by  Variations  in  Concentra- 
tion— Such  are  observed,  as  will  be  shown  later  in  the  chapter 
in  which  changes  in  the  rotation  are  more  fully  discussed,  in 
cases  in  which  an  action  of  the  solvent  on  the  active  body  is 
as  far  as  possible  excluded,  and  where,  therefore,  molecular 
aggregation,  dissociation  or  hydrolysis,  etc.,  can  not  take 
place.  A  body  of  this  kind  is  cane-sugar  for  which  Tollens1 
and  also  Schmitz*  have  shown  by  accurate  investigations  that 
the  specific  rotation  undergoes  a  slight  but  regular  increase 
with  decrease  in  the  concentration.  The  observations  of 

1  Tollens  Her.  d.  chem  Ges ,  10, 1403  (1877) 
-  Schmitz  Hid ,  10, 1414. 


SUGHT  VARIATIONS       *  ? 

Sdunite  which  were  carried  omt  by  methods  described 
IV,  usmg  a  Wild  and  also  a  half  shadow  polarimeter 
here  as  an  illustration  of  careful  experiments  - 


3STo 

Grams 
sugar  in 
ioo  grams 
solution 

Grams 
sugar  in 

IOO  CC. 

solution 

===== 

Specific 
gravity 

. 
for 

. 

0 

T-           II                           .1 

'Us 

Difference 

P 

e=fd 

df 

/=  2dm 

Observed. 

Calculated. 

Obs.-HDal. 

I 
II 
III 
IV 

V 
VI 

64978 
54964 
39.978 
25  002 

16.993 

IO  OOO 
4998 

85.543 
69  108 
47039 

27594 
18  144 
10382 
5087 

1.31650 
I  25732 
1.17664 
1.10367 
1.06777 
I  03820 
I  01787 

112  268° 
91066 
62348 
36670 
24128 
13.824 
6-776    ' 

65.620° 
65.888 
66.272 
66441 
66448 

66574 
66.609 

65.619° 

65.9" 
66.242 
66.448 
66.506    ' 
66.528 
66.526 

•—  '                    • 

4-  0.001° 
—  0.023 
4-0030 
—  0.007 
—  0.018 
4-0.046 
—  0.083 

In  calculating  the  constants  of  the  formula  [«]  =  A  4- 
q  +  Cq*  the  solutions  I,  III  and  V  were  used  then  II  IV 
and  VI  and  the  mean  taken.  The  following  equations  were 
obtained  with  relation  to  the  percentage  amount  of  sugar  p 
and  that  of  the  water,  ioo  —  p  =  g,  which,  as  seen  from  the 
table,  agree  very  well  with  the  observations 

[«]"  =  66  510  4-  o  004504^  —  0.0002805  p1 
IXI"  =  64.156  +  0.051596  q  —  o  0002805  <? 
The  investigations  of  Tollens1  which  embraced  an  examina- 
tion of  seventeen  solutions,  with>  =  3.8  to  69  2  led  to  these 
formulas- 

I>]™  -=  66.386  +  0.015035^  —  0.0003986  /* 
[a]  £  =  63  904  +  0.064686  q  —  0.0003986  q* 
By  a  different  method  of  calculation  from  the  observations 
of  Tollens,  Th.  Thomsen2  derived  this  equation, 

[«]"  =  64  190  +  0.055212  q  —  0.0003134  ^ 
the  constant  A  in  which  (64.190)  agrees  very  well  with  that 
of  Schmitz,  64.156.  We  can  therefore  look  upon  these  num- 
bers as  giving  with  considerable  certainty  the  specific  rotation 
of  cane-sugar  in  amorphous  dry  condition,  as  the  concentra- 
tions of  the  solutions  were  carried  to  anyextreme  degree. 

i  Tollens.  Ber.  d.  chem.  Ges.,  to,  1410  ;  17, 1757 
a  Th  Thomsen  IbuL ,  14, 1651 


196  SPECIFIC  ROTATION 

Experiments  -which  were  carried  out  by  Biot1  and  later  by 
Tollens2  on  the  specific  rotation  of  cane-sugar  in  fused  condi- 
tion led  to  uncertain  results  because  of  beginning  decomposi- 
tion, and  can  not  be  used  therefore  to  control  the  above  results. 

55.  Specific  Rotation  in  Very  Dilute  Solutions.  —  If  the  rotating 
power  of  an  active  body  is  changed  by  some  effect  of  the  sol- 
vent, it  might  appear  possible  that  this  action  would  come  to  an 
end  after  a  certain  decrease  in  the  concentration  had  been  passed, 
and  consequently  that,  with  still  further  dilution,  the  specific 
rotation  would  remain  constant  Such  an  effect  could  be 
produced,  for  example,  by  electrolytic  dissociation 

Investigations  of  this  kind  offer,  in  general,  very  consider- 
able experimental  difficulties,  inasmuch  as  the  errors  of  obser- 
vation assume  a  great  importance  in  connection  with  the  small 
values  of  the  angles  of  rotation.  Thus  far,  but  a  few  sub- 
stances, partial  or  non-electrolytes,  have  been  tested  in  very 
dilute  solutions  with  reference  to  their  rotating  power 

Tartanc  Acid  —  The  specific  rotation  of  aqueous  solutions 
increases  with  the  dilution  and  according  to  Arndtsen8  may 
'  be  represented,  for  amounts  of  water  from  q  =  50  to  95  per 
cent.,  by  the  formula  • 

O]g  =  i  950  +  o  13030? 

That  this  increase  m  the  specific  rotation  goes  still  further 
by  increase  of  q  from  95  28  to  99  65  has  been  shown  by  experi- 
ments undertaken  by  Pnbram  4  But  this  no  longer  cor- 
responds to  a  linear  formula  as  pointed  out  by  Bremer,5  and  it 
appears  that  [a]  increases  more  rapidly  than  it  does  in  con- 
centrated solutions. 

Cane-Sugar.—  A  number  of  investigations  have  been  earned 
out  on  the  rotation  of  this  substance  in  very  dilute  solutions, 
The  formula  of  Tollens  (§54)  for  concentrations  from 
p  ~  69  to  4, 

[>]£  =  66.386  +  o  015035  p  —  o  0003986^, 
gives  at  first  an  increase  in  the  specific  rotation  when  the  con- 

1  Biot  Mem.  de  1'Acad  ,  I3,  131  (1835) 

*  ToUens   Ber.  d  chem.  Ges  ,  10,  1413  (1877) 


»,  '  54«  4°3 

Ber  d  chem  Ges  ,  ao,  1846 

*  Bremer    Rec  Trav  chim  Pays-Has  ,  6,  258 
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centration  is  diminished-  from  69-  per  &sat.,    and 
maximum  at  />  =  18.86  per  cent.  (66,528°)  j  there  is  then  ads- 
crease,  so  that  for^  =  i.i,  [ai]  =  66.402°.  Direct  experiments 
wi£h  dilute  solutions1  with  p  =  10  to  i  per  cent,  of  sugar  gave  ir- 
regular values  between  [or]  =  66.499°  and  66.276°,  the  varia- 
tions in  which  from  those  calculated  by  the  above  formula  He 
within  the  errors  of  observations,  but  show  in  general  a  slight 
decrease     Pribram8  in  dropping  from  p  —  3.659  to  0,222  in 
five  steps  found  a  continuous  decrease  in  the  specific  rotation 
from  [«]"  =  66  531°  to  66.213°.    On  the  other  hand,  Nasini 
and  Villavecchia3  observed  for  five  concentrations  lying  between 
p  =  1.253  and  °  °>24>  a  regular  increase  from  MS  =  67-370 
to  68  24°.     The  results  are  therefore  contradictory  ;  but  for 
practical  use,  the  Tollens  formula  may  be  looked  upon  as 
satisfactory  for  all  concentrations. 

Dextrose.  —According  to  Tollens4  the  formulas, 
Anhydrous  dextrose  .....  [«]  *  =  52-5°  +  o  018796^  +  o  0005168^ 

Dextrose  hydrate  .......   [«]  "  =  47  73  +  o.oi5534^  +  °  0003883^, 

derived  from  concentrated   solutions,   satisfy  the  results  of 
observation  down  to  a  decreased  concentration  of  p  =  i. 

It  has  not  been  certainly  shown,  therefore,  with  any  of  the 
above  substances  that  the  character  of  the  curve  expressing 
the  dependence  of  the  specific  rotation  on  the  concentration 
undergoes  a  change  for  very  great  dilutions.  A  case,  on  the 
other  hand,  where  the  behavior  is  essentially  different  will  be 
discussed  in  the  following  paragraph.  (See  Nicotine.) 

56.  A  Minimum  Value  of  Specific  Rotation  —  This  peculiar  phe- 
nomenon has  been  recogni2ed  in  the  following  cases  : 

Nicotine,  dissolved  in  water.  As  already  shown  in  §52,  the 
specific  rotation  decreases  in  a  very  marked  degree  as  the  dilution 
increases,  and  this  was  followed  to  q—  91  per  cent.,  at 
which  point  the  original  rotation  of  the  nicotine,  [«]*  = 
—  161.55°  had  sunk  to  —  75-53-  Pribram5  first  noticed  that 
when  q  is  increased  from  96  to  99  per  cent.,  an  increase  in 

i  Tollens    Ber  d.  chem,  Ges.,  I7i  ITS*- 

a  Pribram  •  Ibtd  ,  ao.  1848 

«  srasim  and  Villavecchia-  Wied.  B«b  ,  16.  3«- 

*  Tollens  :  Ber  d  chem.  Ge«  ,  i?f  «# 

6  Pribram  ,  find  ,  ao,  1848 
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the  rotation  from  |>]£  =  —  77-03°  to  —  79- 32'  follows  This 
behavior  has  been  more  fully  investigated  by  Hein,1  who 
determined  the  point  of  minimal  rotation ;  he  employed  a 
sample  of  nicotine  with  |>]S  =  —  164.00°  and  examined  eight 
dilute  solutions  at  temperatures  of  5°,  15°  and  20°.  These 
tests  were  combined  with  a  series  of  cryoscopic  molecular 
weight  determinations  of  nicotine  (C10H14N2  =162)  in  the 
same  or  nearly  same  concentrations  The  values  obtained  are 
the  following : 


In  100  parts  by  weight 

Molecular  weight 
determination 

i 
Xscotme    !    Water 

Mi 

MS 

MS 

Nicotine 

Molec- 

Varia- 

in 100 

ular 

tion 

parts  of 

weight 

from 

P       '       g 

i 

solution 

found 

162 

15  592        84  408 

—  73  39° 

—  76  18° 

-7759° 

13  736 

275 

"3 

II206        88794 

73°5 

7596 

7701 

II  512 

261 

99 

Jo  258    |    89  742 

72.78* 

7559* 

76.89 

8307 

235 

73 

8  307       91  693 

73-07 

7576 

7684* 

5.700 

209 

47 

5  700       94  300 

738r 

7600 

7696 

3.0X6 

180 

38 

3  016       96  984 

7446 

7627 

7725 

2  042 

168 

6 

2  042       97.958 

7474 

7635 

77-32 

I  225 

165 

3 

1061    f  98939 

7479 

7683 

7766 

0.346 

163 

i 

It  appears,  therefore,  that  at  the  temperatures  of  5°  and  15° 
a  minimum  specific  rotation  (marked  *)  occurs  when  the 
amount  of  nicotine  is  about  10  per  cent.,  and  at  a  temperature 
of  20°  this  minimum  is  found  in  the  solution  of  about  8  per 
cent  strength.  From  the  molecular  weight  determinations  it 
is  seen  that  nicotine  in  very  dilute  solutions  is  present  as  a 
normal  molecule  while  in  the  more  concentrated,  hydrates  and, 
likely,  molecular  aggregations  exist.  To  these  a  much  lower 
rotating  power  must  be  ascribed  than  to  the  pure  nicotine 
but  if  these  are  broken  up  by  increasing  dilution,  as  suggested 
by  the  decrease  in  the  molecular  weight,  more  and  more  fresh 
nicotine  appears  by  which  the  decrease  in  the  specific  rotation 
is  gradually  arrested  and  finally  an  increase  in  the  rotation 


must  follow.     In  this  manner  it  may  be  possible 
occurrence  of  the  minimum  in  the  case  in  hand. 


Nicotine  In  dilute 

—— — .    ..  .  l— 
aqueous  solution 


90  100 

Percent  of  acid 

Minimum  at  63  5  per  cent  acid 
Fig   21 

In  Fig-.  21,  above,  the  rotation  for  20°  is  graphically  shown. 

Camphor,  dissolved  in  isovalenc  or  caproic  acid.  The  follow- 
ing solutions  have  been  investigated  by  H.  Vogel1  and  a  mini- 
mum rotation  (*)  found  for  large  concentrations  : 

1  H.  Vogfel.  ''UeberdasoptischeDrehungsvermSgendesCaniphers."  Inang  Diss. 
Berlin  (Investigations  earned  out  in  the  author's  laboratory ) 
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Isovalenc  aad 

Caproic  acid 

Camphor 
P 

Val  aad. 
9 

MB 

Camphor 
P 

Capr  acid. 
9 

MB 

52.37 

4763 

+  53-43° 

4984 

5016 

+  53.67° 

46.71 

53.29 

5329 

47-88 

52.12 

5363 

43-03 

5697 

5316 

43.30 

56.70 

5346 

3855 

61.45 

53-1°* 

36.48 

6352 

5322* 

36.71 

63.29 

5320 

26.19 

73-81 

53-42 

32.22 

66.78 

53-28 

18.49 

8l  51 

53.70 

27.06 

7294 

53-40 

853 

91.47 

56.51 

18.28 

81.72 

5451 

2.31 

97.69 

67.19 

1263 

87.37 

56.02 

... 

.... 

.  .. 

946 

9054 

58.17 

.... 

.  .. 

.  .. 

436 

9564 

6841 

•• 

... 

— 

3°5 

96.95 

76.44 

.... 

.  .  .  . 

... 

As  seen  from  the  above  numbers,  and  also  from  the  graphic 
illustration  in  Fig.  21,  the  specific  rotation  of  the  camphor 
decreases  at  first  m  very  slight  amount,  from  the  point  of 
greatest  concentration  on,  with  an  increase  in  the  percentage 
of  acid,  but  reaches  a  minimum  when  the  amount  of  isovaleric 
acid  is  61  45  per  cent  or  the  amount  of  caproic  acid  is  63  52 
per  cent  Then  a  slow  increase  in  the  rotation  begins,  and 
only  after  considerable  dilution  does  a  sudden  and  marked 
change  appear.  Corresponding  to  the  minimum  point  in  the 
rotation  there  is  no  simple  molecular  proportion  between  the 
amounts  of  acid  and  camphor.  The  dependence  of  the  specific 
rotation  on  the  amount  of  acid  can  be  represented,  according 
to  Vogel,  by  the  following  formulas  : 

Isovalenc  acid [a]  £  =  57.15  —  0.12572  q  +  o.ooiooo  q* 

Caproic  acid [«]«  =  58  90  —  0.16846?  +  0,001279?* 

Solutions  of  camphor  in  other  fatty  acids  do  not  exhibit  the 
appearance  of  a  minimum  or  a  great  increase  in  the  specific 
rotation  with  strong  dilution,  but' [a]  decreases  regularly  with 
increased  addition  of  acid,  as  was  true  with  the  solvents 
described  in  §  53.  Vogel  gives  the  following  observations- 


Formic  acid 

Acetic  acid 

Propiomc  acid 

N.  Butync  acid 

g 

W5 

9 

M? 

9 

MS 

Q 

MS 

35.89 

+  39-93° 

47.25 

+  49.37° 

60.92 

+  50.53° 

4910 

+  52.49° 

49.11 

35-oS 

61.16 

47.20 

69.40 

49.70 

6307 

51-35 

57.68 

32-38 

65-65 

46.60 

76.93 

4898 

6839 

50.94 

65.62 

29.85 

70.40 

4593 

86.30 

48.34 

76:76 

50.07 

75-95 

2691 

8078 

4424 

.... 

.... 

8834 

49.67 

79.S6 

26.03 

8358 

43-87 

.... 

.... 

9344 

4956 

.... 

.... 

91.50 

43.36 

... 

.... 

.... 

.... 

The  effect  of  these  fatty  acids  on  the  original  rotation  of  the 
camphor  (+  55.4°)  is  decreased,  as  easily  seen,  with  increased 
molecular  weight  of  the  acids.  It  is  not  clear  upon  what  -the 
peculiar  behavior  of  the  valeric  and  caproic  acids  depends. 

57.  Reversal  in  the  Direction  of  Rotation  by  Change  in  Concentra- 
tion.— In  the  case  of  bodies  whose  specific  rotations  decrease 
with  increase  in  the  amount  of  solvent,  it  may  happen  that  the 
rotation  will  sink  to  zero  and  then,  with  increased  dilution, 
rise  in  the  opposite  direction. 

This  behavior  was  first  noticed  by  Schneider1  in  aqueous 
solutions  of  ordinary  malic  acid  and  some  of  its  salts,  for 
which  the  following  results  were  obtained. 


Malic  acid 

Sodium  acid  malate 

Sodium  malate 

Banum  malate 

9 

[«]ff 

9 

Ws 

g 

MS 

Q 

Ws 

2988 

+  3-34° 

3945 

+  015° 

3447 

+  472° 

go  62 

+  i  81° 

40.OI 

+  231 

50.46 

—  1.71 

44-74 

+  2.15 

91.50 

+  1.61 

50.13 

+  I38 

60.28 

-3.27 

51.21 

+  0.50 

95.01 

+  054 

53-53 

+  i«oo 

69.98 

—  4.26 

53  16 

—  o  16 

9804 

—  iO.II 

62.47 

+  0.17 

79-81 

5.57 

5778 

—  1.26 

.... 

.... 

6334 

+  0.09 

8005 

-564 

66.09 

—  343 

.... 

... 

6474 

—  0.04 

.... 

.... 

70.01 

—  434 

.... 

.... 

70.31 

—  0.34 

.... 

.... 

74.73 

-5.28 

.... 



70.94 

—  0.63 

.... 

.... 

85.34 

—  6.98 

.... 

.... 

83.35 

-1.58 

.... 

.... 

94-73 

-8.39 

.... 

.... 

85.65 

-1.73 

.... 

.... 

*  •  *  *• 

91.68 

—  2.30 

.... 

.... 

G.  H  Schneider-  Ann  Chem  (I^ieblg),  307, 257 
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The  relation  of  the  specific  rotation  to  the  amount  of  wate 
q,  can  be  expressed  by  the  formulas, 

Malic  acid [a]"=   589  —  0.0896^ 

Sodium  acid  malate- [«?] £  =  9  37  —  0.2791  q  +  0.001152  gz 

Sodium  malate    [a~\  %  =  15  20  —  o  3322  q  +  0.000814  &*, 

from  which  by  taking  A  +  Bq  +  C^z  =o,  the    values  of 
are  obtained  at  which  the  solution  becomes  inactive. 


9  = 


Malic  acid 
65.76 


Sodium  acid  malate 
4025 


Sodium,  malate 
52.57 


A  change  in  the  direction  of  rotation  does  not  occur  wi1 
the  other  alkali  malates  ;  they  all  exhibit  increasing  le 
rotation  with  changes  m  concentration  from  greatest  strengl 
to  extreme  dilution. 

The  causes  on  which  these  changes  possibly  depend  an 
explained  in  §63. 

The  same  phenomenon  has  been  observed  with  /-sodiu: 
lactate  dissolved  in  alcohol  (Purdie  and  Walker),1  and  wit 
aqueous  solutions  of  the  barium  salts  of  ^-methoxysticciii 
acid  (Purdie  and  Marshall)3  and  ^-ethoxysuccmic acid  (Purd 
and  Walker)  3  This  may  be  seen  from  the  following  table  i 
which  c  is  the  number  of  grams  of  active  substance  dissolve 
in  loo  cc.  of  solution  At  the  foot  of  the  table  are  given  tr 
concentrations  corresponding  to  the  inactive  points 


/-Sodium  lactate 
(in  alcohol) 

rf-Banum  methoxysuccmate 
(in  water) 

d-Barmm  ethoxysuccinat 
(in  water) 

c 

MS 

c 

C«]S 

c 

Mi 

23  21 
1979 
II.  2O 
9.29 

—     228C 
—     2  22 
—     080 
—     048 

26  13 

12  42 

575 

—  14.27° 

-  736 

—     2  21 
+     3.16 

21.48 
10.77 
456 

—  4.37 
+  2.46 

+  6.37 

7-47 

+     134 

5.60 

+     2  50 

^  . 

2.24 

+     893 

.  . 

... 

1.  12 

+  1036 

0.56 

+  2053 

•- 

.. 

.. 

. 

8.81 

O 

385 

O 

1463 

o 

^  Purdie  and  Walker.  J  Chem    Soc  ,  67,  631     In  the  original, 
—  —  [a]  are  given 

the  values  < 

100 

2  Purdie  and  Marshall    J  Chem.  Soc.,  63,227 
»  Purdie  and  Walker « Ibid ,  63,  235 
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A  change  of  sign  takes  place  with  the  following  substances, 
investigated  by  Freundler,1  when  they  are  brought  from  the 
pure  condition  (c  =  100)  into  solution: 


rf-Ethyl  diacetyltartrate 
in  chloroform 

d-Propyl  dicaproyltartrate 

In  bromoform 

In  benzene. 

c 

[«]/» 

c 

[«U 

c 

[<U 

100 

+    50° 

100 

+  2.2° 

IOO 

+  22° 

5° 

—    53 

23  16 

—  5-2 

19-59 

—  2  0 

40 

—    5-9 

588 

—  71 

10.83 

-3-6 

30 

-    6.5 

239 

—  8.0 

545 

—  43 

20 

—    7-1 

.... 

... 

154 

—  5-4 

10 

—    7-5 

.   .. 

•  • 



5 

—    88 

• 

•  • 



•• 

25 

—  10  o 

... 

... 



58.  Increase  or  Decrease  in  Specific  Rotation  with  Increasing  Dilu- 
tion of  Solutions.— As  shown  by  the  examples  thus  far  given 
with  some  substances  there  is  an  increase,  and  with  others  a 
decrease  m  the  specific  rotation  as  the  amount  of  solvent  is 
increased  In  order  to  show  at  a  glance  the  relations  found,  a 
number  of  observations  are  given  in  diagram  form,  the  increase 
or  decrease  of  rotation  being  indicated  by  the  direction  of 
arrows.  The  solvents  used  are  given  in  parentheses.2 


A    Increase  in  Rotation. 
i.  Active  Acids  and  Their  Salts. 

rf-Tartaric  acid  (water)       

flf-Sodium  tartrate,  neutral  (water) 

rf-Thallium-potassium  (Na,  1,1,  NH4)  tartrate  (water) .   . 

rf-Bthylenedianune  tartrate  (water) 

rf-Ethyl  tartrate  (water,  methyl-ethyl  alcohol ) 

flf-Diacetyltartanc  acid  anhydride  (acetone,  benzene) 

rf-Dibenzoyltartaric  acid  anhydride  (acetone,  alcohol)  

af-Dibenzoyltartanc  acid  (alcohol) 

rf-Dibenzoyltartaric    acid,     dimethyl    and  diethyl    esters 

(alcohol) • 

rf-Propyldicaproyl  tartrate  (carbon  disulphide) 

i  Preundler  Ann  chim  phys ,  [?li  4,  252 

»  The  observations  on  which  the  table  is  based  are  given  in  Part  VI. 
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i.  Active  Acids  and  Their  Salts.     (Continued  )  —  o' 

rf-Lactate  of  EL,  Na,  Cd  (aqueous  alcohol) 

/-      "       "  K,  Na,  Li,  Ca,  Zn  (aqueous  alcohol) 

Glucuronic  acid  and  K-salt  (water) 

Podocarpate  of  sodium  (water) 

Cholalate  of  Na  and  K  ("water) 

2.  Active  Bases  and  Their  Salts. 
Quinidine  (alcohol) 

"        hydrochloride,  sulphate  (water,  alcohol) 

Cmchomne  (alcohol  -)-  chloroform) 

"         hydrochlonde,  sulphate  (water,  alcohol) 

Apocinchonine  hydrochlonde  (water) 

Quinamine  (alcohol,  ether,  chloroform) 

Conquinamine  (alcohol,  benzene) 

Quinicine  oxalate  (alcohol  +  chloroform) 

Laudanosine   (alcohol) 

/-Cocaine  hydrochlonde  (alcohol) 

Cupreine  hydrochlonde,  hydrobromide,  sulphate  (water) 
Quinine  anhydnde  and  hydrate  (alcohol) 

"     hydrochlonde,  sulphate  (water,  alcohol) 

Cinchomdine  (alcohol) 

"          hydrochlonde,  sulphate  (water) 

Hydrocinchomdine  hydrochlonde  (water) 

Morphine  hydrochlonde,  sulphate  (water) 

Pseudomorphine  hydrochloride  (water) 

Thebaine  hydrochlonde  (water)   

Strychnine  (chloroform) 

Brucine  (chloroform) 

/-Cocaine  (chloroform) , 

3.  Sugar  Group. 

Cane  sugar  (water) 

Maltose  (water) . . . ; 

Salicin  (water) 

4.  Aromatic  Substances. 

d-Pinene  (alcohol) 

/•      "      (alcohol,  acetic  acid,  benzene) , 

/-Menthol  (alcohol,  acetic  acid,  benzene) 

a-Nitrocamphor  (benzene) , 

B.  Decrease  in  Rotation 
i   Active  Acids  and  Their  Salts. 

rf-Potassium  tartrate,  neutral  (water) 

rf-Sodium acid tartrate  (water) ',',[] 


INCREASE  OR 


i.  Active  Acids  and  Their  Salts     (Continued.)  —  o°  -)- 

rf-Sodmm  borotartrate  (water)  .......................... 

rf-Diacetyltartaric  add  (water,  alcohol)  .  .  .  ,  ............. 

rf-Di-i-butyldiacetyl  tartrate  (alcohol)  .................... 

tf-Mandelic  acid  (water)  ............................ 

/-Mandelic  acid  (water)  .....'  .......................... 

rf-Camphoric  acid  (  alcohol,  acetone,  acetic  acid)  ......... 

d-         "  "    salts  (water)  ........................... 

Quinate  of  Ba,  Sr,  Ca,  Mg,  Zn  (water)  ................... 

Shikimmic  acid  (water)  .....  .  ......................... 

Sodium  santoninate  (water)    .......................... 

Cholalic  acid  (alcohol)    ................................. 

2    Active  Bases  and  Their  Salts. 

{/-Conine  (alcohol,  benzene)    ........  /  ............... 

d-      "     hydrochlonde,  hydrobrornide,  acetate  (alcohol)  .  • 
Nicotine  (water,  alcohols,  aniline,  toluidine)   ......... 

'  '      hydrochlonde,  sulphate,  acetate  (water)  .......... 

Benzoylcinchonine  (alcohol)  ........................ 

jS-Isocmchonme  (alcohol)  ........................... 

"  hydrochlonde  (water)  ................. 

Hyoscyamme  (alcohol)  .......................... 

3.  Sugar  Group. 

Dextrose  (water)  .............................. 

Xylose  (water)  ................................. 

Rhamnose  (water)  ............................... 

Levulose  (water)  ................................ 

Phlondzin  (alcohol)  .................................. 

4   Aromatic  Substances 

rf-Camphor  (alcohols,  fatty  acids,  ethyl  acetate,  benzene, 
dimethyl  aniline)  .............................. 

Cholesterol  (chloroform)  .............................. 


In  general  the  following  points  are  shown  by  the  above 
table: 

1 .  With  the  active  acids  and  their  salts  there  is  observed  an 
increase  as  well  as  a  decrease  in  specific  rotation;  bodies  as 
closely  related  as  potassium  tartrate  and  sodium  tartrate  show 
opposite  behaviors. 

2.  With  the  alkaloids  and  their  salts  increase  in  the  rotation 
is  the  usual  phenomenon. 

3.  Among  bodies  of  the  sugar  group,  the  monosaccharides 
appear  to  show  a  decrease  and  the  disaccharides  an  increase. 
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Further,  it  is  to  be  noticed  that  different  solvents  exert  the 
same  action  on  many  of  the  above  bodies. 

An  explanation  of  these  phenomena,  as  far  as  it  is  now 
possible,  will  be  given  in  §61  to  §66. 

B.  Dependence  of  the  Specific  Rotation  on  the  Nature  of  the  Solvent. 

59.  If  equal  weights  of  an  active  body  are  dissolved  in 
different  inactive  liquids,  the  specific  rotation  can  assume  very 
different  values  depending  on  the  manner  in  which  the  solvent 
behaves  with  the  substance.  Several  illustrations  of  this  have 
been  given  in  former  chapters ,  a  number  of  observations 
follow  in  which  this  variation  comes  strongly  into  view. 

Freundler1  found  the  following  figures  for  some  substituted 
tartaric  acid  esters  in  solutions  of  concentration,  c  =  5  to  6  : 


N  Propyl 
diacetyl- 
tartrate 

IXU 

N  Propyl 
dibutyryl- 
tartrate 

[XU 

N  Propyl 
dicaproyl- 
tartrate 

M/. 

A-   T7    1° 

-1-     c  -y'° 

_L      •»   o° 

Solution  in  • 

7r  i3  3 

4-  16  i 

-f     5  2 
_i_  28  8 

-f-      22 

]Metliyl  alcohol  •  

\    o°  7 

27  5 

+        B    /I 

9  3 

5  4 

_|_         C    1 

10  4 

4-    o  6 

7  2 

..i.     f.  i 

i^    5  3 
j_    o  fi 

+    86 

~r    °  3 

+     e  e 

-\     3-° 

-1-    R  c 

5  5 

1         ,   Q 

2.4 

_L       T    1 

^r    °  5 
•4-    6  A. 

~T     3-° 

_.|,,     *  *, 

T^     I-3 

Monochlorethyhdene  chloride  .. 

+    64 

-U    fi  o 

-)-     2.7 

f     2.3 
+     „  p. 

4-    0.6 

-1-      C  1 

....I,..     •}  fi 

^57 

4-    c  i 

|_       .    T 

r    5  3 

-1-     A   1 

-r    3-1 

1.       T    T 

+    03 

\      4-7 

4-    i  8 

^r    l  7 

+     n  A 

1        O'° 

-1..     i  A       ' 

1        n  (\ 

r-9 

T^    3  4 

4-17 

4-     9-/1 

1      1'/ 

-1-     T  i 

-f-     24 

•f       Jt2 
-J-       T    •> 

1.4 

—    4-3 

-f-      1.2 
?  fi 

i  S 

—    4.0 

3-0 

—    7.1 

It  is  apparent  that  the  specific  rotations  of  the  original  sub- 
stances are  sometimes  increased,  and  sometimes  diminished  by 

1  Preundler    Compt  rend.,  117,  556;  Ann  chim  phys.,  [7],  4,  244. 


the  inactive  liquids,  and  further,  that  the  order  in  which  t!he> 
solvents  stand  with  reference  to  then-  action  is  almost  the  Sfdfl^ 
for  the  three  substances. 

Even  bodies  which  exhibit  but  slight  changes  in  specific 
rotation,  such  as  cane-sugar,  show  quite  appreciable  deviations 
when  dissolved  in  different  liquids.  Tollens1  investigated  solu- 
tions of  the  following  composition 

10  parts  sugar  +  90  parts  water  ......................  [a]^  =  +66,67° 

(  ethyl  alcohol  "  =  +  66.83 

10      "       "     +  23    "         "  +  67  parts  -j  acetone  ......    "  =  +  67.40 

I  methyl  alcohol  "  =  +  68.63 

It  may  also  happen  that  a  change  in  the  direction  of  rotation 
can  take  place  by  application  of  different  solvents.  Illustra- 
tions of  this  have  been  shown  by  tables  already  given,  and 
others  are  furnished  by  substances  described  below. 

d-Tartanc  Add,  which  rotates  to  the  right  when  dissolved  in 
water,  exhibits  left-rotation  when  dissolved  in  a  mixture  of 
acetone  and  ether  (Landolt).2  Pnbram8  found  very  marked 
variations  by  use  of  the  following  liquids  in  which  the  amount 
of  substance  dissolved  was  always  5  grams  to  make  100  cc. 


Solvent 

Water 

Alcohol 

Equal  vols.  of  alcohol  and  mononitrobenzene 
nitroethane 
mononitrotoluene 
ethyl  bromide 
benzene 
toluene   .  .   •  • 
xylene 


cymene 
monochlorbenzene 


+  14-40° 
+    3  79 
+    3-J7 
+    3-°9 
—   0.69 


6.19 
6.52 

7-91 
8.09 


n 


As  far  as  explanations  of  this  behavior  are  possible  they 
will  be  given  m  the  chapter  on  the  causes  of  changes 
specific  rotation,  §  61  to  65. 

C.  Dependence  of  the  Specific  Rotation  on  the  Temperature. 

60.  Increase  of  temperature  affects  different  active  bodies 

i  Tollens  .  Ber.  d.  chem  Ges  ,  13.  2303 
3  I^andolf  Ibid.,  13,  233« 
»  Pribratn   find  ,  aa,  6. 
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different  ways;  with,  some  there  is  an  increase,  with  others 
decrease  in  the  rotation  and  in  different  degrees 

Among  active  crystals,  as  remarked  in  §  44,  only  quartz  an 
sodium  chlorate  have  been  investigated  in  this  directioi 
With  both,  an  increase  in  the  rotation  follows  on  warming 
The  change  here  is,  therefore,  the  reverse  of  that  in  the  ord 
nary  refraction  of  light  which  is  diminished  by  increase  < 
temperature. 

Liquid  Active  Bodies, — If  such  a  substance  is  contained  in  a 
observation  tube,  which,  to  accommodate  expansion,  is  fu 
nished  with  a  lateral  opening,  then  on  application  of  heat  tl 
density  must  decrease  and  consequently  the  number  of  mol 
cules  in  the  active  column,  causing  a  diminution  of  the  ang 
of  rotation.  But,  on  the  other  hand,  the  length  of  the  tul 
has  increased  which  exerts  an  action  of  the  opposite  kind.  ] 

calculating  the  specific  rotation,  [a]  =  - — ->  these  mflueno 

are  eliminated  if  density  and  length  of  tube  are  found  for  tl 
same  temperature  at  which  the  rotation  is  determined,  and 
case  these  alone  come  into  question  the  values  for  [a]  shou 
remain  constant.  But  according  to  experience  this  is  not  qui 
true  in  the  case  of  any  known  body,  and  it  follows  that  he 
must  exert  some  special  effect  on  optical  activity. 

On  the  effect  of  temperature  on  bodies  which  are  in  thei 
selves  liquids  we  have  but  few  observations. 

Increase  in  specific  rotation  with  increase  in  temperature  h 
been  found,  for  example,  in  the  following  bodies. 

a.  Nicotine,   left-rotating. — According  to  investigations 
I/andolt1  which  are  here  given  in  full  to  illustrate  the  chang 
in  the  different  factors  observed,  there  were  found- 

Temp,  t  d4  1  OLD  [a]/> 

10.2°         1.01837         99'9r42         — 163.776°         — 160.96° 
20.0         i.onoi         99.923         — 163.204          — 161.55 
300         1.00373        99.932*        —162.450          —161.96 

It  is  seen  that  while  the  angle    of    rotation  has    becor 

„     i  I^andolt  Ann  Chem.  (X,iebig),  189,  319  (1877). 

a  Calculated  from  the  length  measured  at  20°  by  aid  of  the  coefficient  of  exp 
sum,  o  0000086 
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smaller  with  increasing  temperature,  the  specific  rotation,  on 
the  contrary,  has  grown.  The  increase  is  small  and  amounts 
to  about  0.05  for  i°. 

b.  The  left-rotating  esters  of  glyceric  add  and  diacetyl  glyceric 
acid  show  also  an  increase  in  [«]5,  according  to  Frankland  and 
MacGregor,1   and  for  ordinary   temperatures    the   following 
amounts  for  i°  : 

«,          ,.      .  r  methyl...  0.036°  ...  ,  .... 

Glycerate  of  \     .    /  *  f  isopropyl    •  • .  0.065° 

thi^oo  Diacetyl-      *«*teyl 0.054 

Diacetyl-       f™f  J  '"       ,         glycerate  of  1  N-heptyl 0067 

<  ctJiyl  •  •  •  •  o»oo7 

fflycerate  of     I  -  _  .         £  N-octyl o  043 

*•  jjs  """propyl  •  0*003 

c.  For  the  right-rotating  esters  oftartarvcacid,  Pictet*  found  : 

Temperature 

20°  100° 

Methyl  tartrate    •   ••   [Q!]u=+    214          [or]^=+   600 

Bthyl  tartrate "    =  +    7  66  "    =  +  13.29 

N-propyl  tartrate  ....       "    =  +  12  44  "=+  17.11 

I-propyl  tartrate "    =+14.89  "    =  +  18.82 

If  the  increase  in  [a]  was  proportional  to  the  change  in 
temperature  it  amounted  to  about  0.05  to  o  07  for  i°. 

d.  An  increase  in  the  angle  of  rotation  has  been  found  in  the 
following  bodies: 

Right-rotating  isobutyl  isoamyloxide  (I<e  Bel8  and  Colson),4 

"  di-isoamyl  oxide (Colson),4 

"  methyl  isoamyloxide ( Colson) ,* 

amylacetate (Colson),6 

Left-rotating  methyl  lactate (Le  Bel).8 

With  reference  to  the  question  whether  the  change  in  rota- 
tion could  follow  from  polymerization  with  lower  temperature, 
I^eBel*  observes  that  according  to  the  investigations  of  Ramsay 
(i)  ethyl  tartrate  possesses  the  simple  molecular  weight  for 
all  temperatures,  (2)  the  same  is  true  of  isobutylamyl  oxide 
between  -  23°  and  +  125°,  (3)  that,  on  theother  hand,  propyl 

i  Frankland  and  MacGregor    J  Chem  Soc ,  65,  7&>  (1894) 
t  Jictet   Arch  de  Geneve,  [3],  7,  8a  (1882) 
«  I,eBel:  Compt  rend ,  118,  916  (1894) 


«  I^eBel.  Compt  rend,,  118,  g*6!  "9,  »6  (1894). 
14 
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glycol  has  the  double  molecular  weight  above  100°  and  tJ 
quadruple  weight  at  the  ordinary  temperature,  without  slioi 
ing  any  change  in  activity  corresponding  to  this  polymerizatio 
This  supposed  cause  appears  therefore  to  be  insufficient. 

A  decrease  in  specific  rotation  with  elevation,  of  temperatu 
was  observed  by  Gernez1  in  several  essential  oils.  It  was  foui 
that  the  decrease  could  be  expressed  by  the  following  formuk 
holding  from  o°  to  150°: 

Right  turpentine  oil [«]/>=   366*  -0004437* 

Orange  oil [a]D  =  115.31  —  0.1237  t  —  o.o4i6  P 

Bitter  orange  oil [or]  D  =  118  55  —  o  1 175  t  —  o.o22i6  t* 

The  decrease  goes  still  further  when  the  temperature  of  t 
boiling-point  is  passed  and  the  body  becomes  a  vapor  (see  §  c 
On  the  other  hand,  as  Gernez  found,  the  dispersion  suffers 
marked  change  by  heat. 

Dissolved  Active  Bodies. — As  experiment  has  shown,  wi 
these  also  there  may  be  a  change,  not  only  in  the  observ 
angle  of  rotation,  but  in  the  specific  rotation,  which  in 
undergo  either  an  increase  or  decrease  by  change  in  tempe 
ture.  In  the  following  table  in  which  bodies  already  m< 
tioned  are  included  (and  marked  with  an  *)  all  the  kno 
relations  are  given 

CHANGE  IN  THE  SPECIFIC  ROTATION  WITH  INCREASED  TEMPERATUI« 


Increase  in  left  rotation  -*-• 

*Nicotine 

*Esters  of  glycenc  acid 

*Esters  of  diacetylglycenc  acid 

Malic  acid  in  dilute  aqueous  solution 


Cane-sugar  in  water 
Milk-sugar   "       " 
Maltose         "       " 
G-alactose      "       " 
Aiabinose     "      " 
Rhamnose    "      " 
Cmchonicme  in.  alcohol 
Qumidine        "        " 
Quinidme  sulphate  in  water 
Tartar  emetic  "      " 

1  Gernez:  Ann.  de  1'Ecole  normal,  i,  r  (1864) 

«  The  extent  of  the  changes  in  the  rotation  of  the  different  substances,  as  ft 
observations  reach,  will  be  given  in  the  chapter  on  "Constants  of  Rotation." 


•«-«Decrease  in  right  rotation 

*Right  turpentine  oil 

*Orange  oil 

*Bitter  orange  oil 

Malic  acid  in  strong  solution 


ON 


—  o°  -f- 


Decrease  in  left  rotation 

Turpentine  oil 

Fructose  (levulose)  in  water 

In  vert  sugar  "      " 

Saccharin  "      " 

Mandelic  acid  "      " 

Sodium  santoninate  "      " 

Quinine  in  alcohol 

Quinine  sulphate  and  disulphate  in 

alcohol 

Cinchonidine  in  alcohol 
Thebame 
Glutin  "  water 


«•-»•  Increase  in  right  rotation 
*Isobutylamyl  oxide 
*Methylisoamyl  oxide 
*Dusoamyl  oxide 
*Amyl  acetate 
*Methyl  lactate 
*Tartaric  acid  esters 
Tartaric  acid  in  water 
Alkali  tartrates  in  water 
Glucuronic  acid  "      ' ' 
Xylose  "      " 

N-propyl  dibutyryltartrate  in 
monobromethylidene  bromide 


A  change  in  the  direction  of  rotation  by  elevation  of  tem- 
perature, when  a  point  of  inactivity  is  passed  is  shown  in  the 
following  table  • 


-0°   + 


Aspartic  acid  in  water . 

Malic  acid       "  "     . 

Tartaric  acid  "  "     • 

In  vert  sugar    "  "     - 


On  the  last  four  substances  we  have  the  following  more 
complete  data 

Aspartic  Add. — Aqueous  solutions  which  are  perfectly  free 
from  other  -acids  as  well  as  from  alkalies,  exhibit  right  rotation 
at  the  ordinary  temperature.  But,  as  found  by  Ellen  Cook,1 
this  decreases  with  elevation  of  temperature,  and  passes  finally 
into  increasing  left  rotation,  the  point  of  inactivity  being 
passed  at  75°  The  following  specific  rotations  for  white 
light,  [ar]y  (converted  into  [ tx] D  by  multiplication  with  0.89), 
were  found  by  use  of  supersaturated  solutions.  The  values  of 
the  concentration,  c,  were  found  by  determination  of  the  density 
at  the  temperatures  at  which  the  rotations  were  observed. 

.  Cook  •  Ber  d  chem  Ges  ,  30. 294- 
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Specific  rotatioi 

Solution. 
No 

Amount 

Temp 

Specific 
gravity 

Concentr. 

Observed 

P 

t 

< 

c 

«; 

M/ 

c«: 

I 

0.528 

20° 

I  00185 

0.531 

-I-  0.103° 

+  4-90° 

+  4 

II 

1.872 

32 

10043 

1.880 

+  0320 

+  4-25 

+  3 

II 

1.872 

40 

I.OOI5 

1.875 

+  0.255 

4-3-40 

+  3- 

II 

1.872 

50 

1  .0004 

1873 

+  0.130 

+  i  74 

+  i. 

II 

I  872 

60 

0.9917 

1857 

+  O.IO2 

+  1-37 

+  i. 

II 

1.872 

75 

0.9821 

1838 

O 

o 

0 

II 

1.872 

77 

0.9800 

1835 

—  0050 

—  068 

—  0 

II 

1.872 

80 

0.9777 

1.830 

—  0062 

—  085 

—  o. 

II 

I  872 

90 

0.9747 

I  825 

—  0155 

—  2.12 

—  I. 

Malic  Acid  (common). — Concentrated  solutions  show  rij 
rotation  which,  decreases  with  elevation  of  temperature;  dil 
solutions  are  levorotatory  and  more  strongly,  the  higher 
temperature.     In  solutions  of  a  certain  strength  right  rotat 
appears  at  a  low  temperature,  and  left  rotation  at  a  high  t< 
perature  and  the  point  of  inactivity  changes  with  alterati' 
in  the  percentage  amount,  pt  of  acid.     This  behavior,  wh 
is  shown  by  neutral  sodium  malate  also,  can  be  seen  in 
following  observations  of  Th.  Thomsen:1 


Malic  acid 


Sodium  malate  • 

Tartaric  Acid. — In  examining  tartanc  acid  melted  wit 
little  water  in  a  glass  vessel  with  parallel  walls,  Biota  obser 
atfirst  right  rotation  which,  with  falling  temperature,  decrea 
and  on  solidification  passed  into  left  rotation. 

The  right  rotation  characteristic  of  aqueous  solutions 
tattaric  acid  increases  with  heat  in  a  marked  degree,  as  appe 
from  the  following  observations  of  Krecke:8 

i  Th  Thomsen  Ber.  d  chern  Ges ,  15,  441. 
9  Blot  Ann  chim  phys.,  [3],  59,  206,  §  n  (1860) 
8  Krecke  Arch.  iNfieriand,  7, 97  (1872) 


p 

i=  10° 

t  =  20° 

53  75  [« 

]s  =  +  2.52  [a 

'^]D  —  4-  *-73 

044 

+  i  31 

4-0.54 

28.67 

4-033 

—  035 

21.65 

—  044 

—  0.90 

42-75 

+  0.38 

—  0.89 

Amount  of  tartanc  acid  in  solution 

Temp 

40  Per  cent. 

20  Per  cent. 

10  Per  cent 

0° 

[«]/>—+   5-53 

[a]z,  =  +    8.66 

[«>==+   9-95 

10 

749 

9.96 

.     10*94 

20 

8.32 

11-57 

12  25 

30 

9.62 

12.49 

13.93 

40 

it  03 

1365 

15.68 

50 

12.27 

1501 

17.11 

60 

12.63 

16.18 

18.31 

E 

1338 
14.27 

17.16 
18.40 

1942 
20.72 

90 

1591 

19  99 

22  22 

IOO 

17.66 

21.48 

23.79 

Of  the  salts  of  tartanc  acid,  according  to  Zrecke,  disodium 
and  sodium  potassium  tartrate  show  a  slight  increase,  but 
potassium  antimonyl  tartrate  a  decrease  in  rotation  by 
elevation  of  temperature. 

Invert  Siigar.  —  As  Tuchschmid1  found,  an  aqueous  solution 
with  1721  grams  m  100  cc.  shows  a  diminution  of  its  left 
rotation  with  elevation  of  temperature,  according  to  the 
formula  [a]/,  =  —  27.9  +  o  32  /.  Therefore,  the  rotation 
must  become  zero  at  87.2°,  to  pass  into  right  rotation  at  a  still 
higher  temperature.  In  agreement  with  this,  v.  L,ippmann2 
found  the  point  of  inactivity  to  be  at  87  8°,  and  Casamajor8  at 
88° 

If  alcohol  is  added  to  the  invert  sugar,  which  causes  a 
decrease  in  the  left  rotation,  the  change  in  direction  follows 
on  moderately  warming.  If,  for  example,  a  solution  of  19 
grams  of  cane-sugar  in  15  cc  of  water  and  5  cc.  of  glacial 
acetic  aoid  is  inverted  by  heating  in  the  water-bath,  and  diluted 
afterwards  to  100  cc  with  absolute  alcohol,  the  liquid  which 
now  contains  20  grains  of  invert  sugar,  shows  the  following 
angles  of  rotation  : 

t  20°  30°  40°  50°  60 

O.D  for  2  dm.        —1.9°       —09°        +0.2°        +1.3°        +22° 
The   point    of  inactivity  is  therefore  found  to  be  about  38° 


The  change  in  the  direction  of  rotation  may  be  explained 

i  Tuchschmid   J  prakt  Chem  ,  [2],  a,  335  (1870) 
>  v.  I/lppmann  .  Ber.  d.  chem.  Qes  ,  13,  1823  (1880) 
»  Casamajor  :  Wled.  Baity.,  (1879),  804, 
*  i^andolt    Ber.  d.  chem.  Gee.,  13,  2335  (1880) 
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when  the  active  substar^fc  consists  of  two  oppositely  rotating 
components  which  are  ^jfcted  to  different  extents  by  heat. 
This  is  the  case  with  invert  sugar.  As  first  shown  by 
Dubrunfaut,1  and  later  more  particularly  by  Hbnig  and  Jesser,2 
the  rotating  power  of  levulose  decreases  rapidly  on  warming 
(OP  for  i°  C.  about  0.67°) ,  while  that  of  dextrose  is  but  slightly 
altered ;  the  direction  of  rotation  of  the  latter  becomes  then 
gradually  apparent.  As  another  case,  Aignan8  has  shown 
that  a  mixture  of  left  turpentine  and  right  camphor  in  benzene 
may  change  its  direction  of  rotation  with  elevation  of  tem- 
perature, and  with  different  kinds  of  light  at  different  degrees. 
The  numbers  given  in  the-,  following  table  are  the  observed 
angles  of  rotation  in  a  2  dm.  tube  : 


Temperature 

Red  light 

Yellow  light 

Green  light 

+  13° 
33  to  38° 
50  "  51 
61  "  62 
65  ;•  72 
81  "  90 

—  2.62 

—  153 
—  083 

—  035 

+  0.18 

+  °57 

—  o  72 

—  040 

+  1-50 
+  I98 
+  267 
+  300 

+  240 
+  408 
+  510 
+  555 
+  590 
+  672 

Finally,  it  is  of  interest  to  determine,  whether,  with  the  same 
substance,  elevation  of  temperature  and  increasing  dilution 
exert  like  changes  in  the  specific  rotation  Thus  far,  but  few 
bodies  have  been  studied  in  both  directions,  and  with  several 
of  them,  the  alterations  observed  have  been  very  slight.  What 
has  been  found  is  tabulated  below. 

<z.  Corresponding  Changes  in  the  specific  rotation  through 
increasing  dilution  or  elevation  of  temperature  occur  in  • 


rf-Tartaric  add  in  water 

rf-Tartrates  and  esters  in  -water. 

Malic  acid  andmalates 

Glucuronic  acid 

Sodium  santomnate 

/-Mandelic  acid 

I,evnlose 

Rhamnose 

Galactose 


i  Dubrunfaut    Compt.  rend ,  43,  901  (1856) 

a  Homg  and  Jesser    Zeit  Ven  f.  Rubenzucker-Ind ,  (1888),  p  1039 

»  Aignan    Compt  rend ,  116, 725,  (1893) 


DISSOCIATION  IN  AQUEOUS  SOLUTIONS  215 

b.  Opposite  Effects  are  observed  in/the  following  cases: 


Increasing 
temperature 

-0°   + 

Increasing 
dilution. 

-Q°  + 

••—>> 
»   » 

•»  » 

<  «« 

»   > 

•«—  • 

»  » 

Quinine  sulphate  in  alcohol  or  water  ••.«••  .  . 

Maltose          "        

/-           '•           "             benzene,  acetic  acid.  • 

It  is  evident,  therefore,  that  increased  temperature  and 
dilution  have  sometimes  the  same  and  sometimes  the  opposite 
actions  and  that  no  definite  regularity  is  apparent  with  respect 
to  the  nature  of  the  substances  examined  Those  cases  m 
which  an  explanation  of  this  behavior  is  in  any  degree  possible 
will  be  discussed  m  the  following  chapter. 

D.  Causes  of  the  Changes  in  Specific  Rotation. 

The  many  variations  which  are  exhibited  in  the  specific 
rotation  of  dissolved  substances  depend,  according  to  the 
nature  of  the  substances,  on  essentially  different  causes,  and 
all  changes  which  are  in  general  possible  with  solutions,  as 
electrolytic  dissociation,  formation  or  breaking  up  of  molecular 
aggregations,  hydrolysis  and  other  less  clearly  defined  effects 
may  come  into  play  Besides  this  the  explanation  of  the 
phenomenon  is  made  difficult  by  the  fact  that  of  the*  nature  of 
concentrated  solutions  almost  nothing  is  known.  Up  to  the 
present  time  the  following  data  have  been  accumulated  with 
reference  to  eacl}  one  of  these  influences 

61.  a.  Electrolytic  Dissociation  in  Aqueous  Solutions. — In  1873 
in  the  examination  of  a  number  of  neutral  salts  of  tartaric 
acid,  it  was  remarked  that  they  agreed  very  closely  with 
each  other  in  molecular  rotation,  from  which,  it  was  clear 
that  differences  in  the  metals  combined  had  but  little  effect, 
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and  this  not  in  any  relation  with  the  atomic  weight  (I/andolt).1 
Oudemans2  appeared  to  find  in  solutions  of  cinchona  alkaloids 
in  different  dilute  acids  which  were  added  in  increasing  molec- 
ular weights,  a  difference  in  the  effects  of  these  additions,  but 
in  1879,  in  pursuing  further  investigations  with  qumamine, 
he  found  that  the  rotation  of  this  alkaloid  remains  almost 
unchanged  m  whatever  acid  it  is  dissolved.8    The  law  then 
stated,  ' '  the  specific  rotation  of  the  alkaloids  is  modified  in  tht 
same  manner  by  different  acids,  provided  the  salts  formed  repre 
sent  the  same  condition  of  saturation  of  the  alkaloid  by  the  acid,' 
was  later  confirmed  by  Oudemans*  in  the  study  of  quinidine 
amine  and  by  Tykociner6  with  brucine,  strychnine,  morphin< 
and  codeine.     Finally,  Oudemans6  showed  that  the  rule  hold, 
good  for  the  active   acids  as  he  found  that  podocarpic  aci< 
and  quinic  acid,  after  saturation  with  different  bases,  or  in  tb 
form  of  dilute  salt  solutions,  retain  nearly  the  same  rotatinj 
powers. 

The  following  table  contains  some  of  the  results  referred  tc 
the  rotation  for  equal  molecular  weights  being  expressed  b 
for  salts  or  by  [«]^,  for  the  active  group 


Tartrates 
(I^andolt) 

Quinates 
(Oudemans) 

Qmnamme 
(Oude- 
mans) 

Strychmi 
(Tyko- 
cmer) 

i  mol  of  acid  to  I  inc 

of  base 

In  100  cc 

In  100  c< 

In  100  cc, 
7  69  spams 
tartanc  acid 

of  the 
salt 

2  6  prams 
quimc  acid 

of  the 
acid. 

Acids 

1.56  grams 
base 

MS 

of  the  base 

o  84  grai 
babe 

W" 

of  the  bai 

Ll2  .  C4H4O6 

+  58I0 

PK.C7HU06 

—  48.8° 

HC1 

+  "4.4° 

—  34-1 

(NH4)S 

630 

Na       ' 

48.9 

HNO8 

1165 

34-' 

Naa 

59-9 
64.4 

NH4    ' 
Ba(C7Hu06)a 

47-9 
46.6 

HC108 
H2S04 

116.1 
116.4 

35-3 

NaNH* 
K.NH4 

6!.r 
63.8 

Sr 
Ca       ' 

48.7 
48.7 

H8P04 
H8AsO4 

"73 

34-^ 
33-S 

K.Na 

62.3 

Mg      ' 

47.8 

CH202 

114.7 

34.c 

K.AsO 

58.8 

Zn       ' 

51.0 

C2H403 

116.2 

K.C?H5 
Bai/2C2H8 

64.6 
63.0 

C^HgOj 

118.1 

33- 

Mg 

61.7 

1  Landolt-  Ber  d.  chem  Ges  ,  6, 1077  (1873). 

*  Oudemaus-  Ann  Chem.  (I4ebig),  i8a,  33,  58  (1876).    Arch  Neerland,  10, 193. 
8  Oudemans  :  Ann.  Chem  (iMng),  197,  48,  66    (1879).    Arch.  Neerland,  15, 
See  further,  Rec  trav.  Chim  Pays-Bas,  1,18  (i88a) 
«  Oudemaus;  Ann  Chem  (Uebig),  aoo,  38  (1881) 
s  fykocmer    Rec  trav.  Chim.  Pay»-Bas.,  i,  144  (i88a). 
e  Oudemans    find,,  4, 166  (1885). 
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In  investigations  on  the  effect  of  concentration  on  the  rota- 
tion of  salts  of  malic  and  camphoric  acids  it  was  shown 
further  that  their  molecular  relations,  which  are  very  different 
in  strong  solutions,  become,  nearly  the  same  for  the  salts  of  the 
same  acid  as  the  dilution  increases.  Thus,  the  following 
molecular  rotations,  [.#/]£,  are  calculated  from  the  interpolation 
formulas  found  by  Schneider1  for  a  number  of  alkali  malates, 
the  water  present  amounting  to  about  40  to  90  per  cent: 


Water  in  100  parts  by  weight  of  solution 

Mol 
wt 

40 

50 

60 

70 

So 

90 

Malic  acid  C4H6O5 

134 

+  3-10° 

+  1.89° 

+  068° 

-  0.59° 

—  1.71° 

—  2.91° 

Acid  salts 
T  :    p  TT  o  

140 
151 
156 
172 

—  382 
-772 
+  008 
—  492 

—  544 
-8.15 

—  2  65 
-587 

—  860 
-858 
—  504 
-683 

—10.  1  6 
—  9  01 

—11.28 

—  945 
—  8  72 
-874 

—ii  77 
-989 

—  IO  02 

9  68 

(NH4)  "     .     ... 

Nn           "           . 

K<<       

/  U5 

77*7 

Neutral  salts 

1,1;       C4H406         - 

(NH4)a   " 

Na2         "     ... 

Kit 
2                            

146 
168 
178 

210 

+  590 
—  7.29 

+  573 
-515 

—  o  26 

-8.13 

+  1.16 
~743 

-562 
—  9  17 
—  3  17 
—  947 

—  10.09 

—  I°35 
-    7-16 
—  II   32 

-1377 
—ii  74 
—1093 
—1287 

-1654 
-1327 

—1431 
—14  26 

As  plainly  evident,  the  rotations  of  these  salts  m  concen- 
trated solutions  are  very  different  among  themselves,  and  even 
differ  in  sign,  but  with  increasing  dilution  they  become  more 
and  more  uniform  Further,  it  is  seen  that  the  free  malic 
acid  shows  a  molecular  rotation  very  different  from  that  of  the 
malates. 

An  explanation  of  these  phenomena  was  first  given  by 
Hadnch*  in  1893,  and  based  on  the  theory  of  electrolytic  dis- 
sociation which  meanwhile  had  been  proposed  by  Arrhenius. 
Hadnch  makes  it  clear,  that  the  closely  agreeing  rotations 
which  the  different  salts  of  an  active  acid  or  base  exhibit  in 
equimolecular  solutions,  have  a  meaning  as  soon  as  it  is 
assumed  that  these  bodies,  as  electrolytes,  become  largely 

i  Schneider :  Ann  Cbem.  (Weblg),  307,  257. 

*  Hldrich  •  Ztsohr  phys  Chem,,  la,  476,  t 
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dissociated  into  their  ions  on  sufficient  dilution,  because  then 
from  each  one  the  same  amount  of  active  acid  or  base  ions 
would  be  formed.  In  accordance  with  this  view  he  gave  to 
the  law  expressed  by  Oudemans,  this  extension : 

The  rotating  power,  not  only  of  salts,  but  of  electrolytes  in 
general^  is,  in  approximately  completely  dissociated  solutions, 
independent  of  the  inactive  ion. 

A  confirmation  of  this  law  was  given  by  Hadrich  by  show- 
ing that  when  an  alkaloid  is  neutralized  by  different  acids,  and 
the  solutions  then  are  treated  with  increasing  amounts  of 
water,  (i),  the  molecular  rotations  become  constant  for  each 
salt  from  a  certain  concentration  on,  and,  (2),  that  the 
constant  values  for  the  molecular  rotations  of  the  different 
salts  agree  also  among  themselves,  as  shown  by  the  observations 
already  given.  In  the  following  table,  giving  some  of  these 
experiments,  the  numbers  show  the  molecular  rotations  of  the 
salts1  and  under  V  is  given  the  volume  of  water  in  liters,  in 
which  one  gram  equivalent  of  the  salt  is  dissolved  : 


Qumidiue 

Morphine 

V 

Hydro- 
chlonde 

Nitrate 

Sulphate 

Hydro- 
chlonde. 

Nitrate 

Sulphate 

10 

.  .  . 

.  .  . 

.  .  . 

—  359° 

-361° 

-357° 

20 

+  703° 

+  7030 

+  702° 

364 

364 

364 

30 

712 

710 

710 

365 

365 

365 

40 

717 

717 

717 

371 

368 

368 

60 

719 

723 

719 

370 

370 

365 

So 

726 

726 

726 

374 

369 

374 

120 

723 

723 

723 

.. 

... 

160 

726 

726 

726 

... 

... 

Brucme 

Strychnine 

Hydro- 
chlonde 

Nitrate 

KDydro- 
chlonde 

Nitrate 

Sulphate 

Amygdalate 

10 

-156° 

-156° 

... 

... 

... 

20 

,   *4I 

141 

-113° 

—  114° 

—  113° 

—  113° 

3° 

138 

138 

114 

114 

"4 

114 

40 

I36 

136 

"3 

"3 

"3 

113 

1  Instead  of  giving  the  molecular  rotations,  the  observed  angles  for  a  given  tul 
length  could  have  been  given,  as  the  solutions  contain  in  equal  volumes,  the  san 
amount  of  the  corresponding  alkaloid. 
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•The  quinidme  and  morphine  salts  show  at  first  an  incjease 
in  rotation  with  increasing  dilution  and  constant 
reached  when  the  dilution  of  the  first,  V,  is bro 
and  of  the  second  to  40  liters.  The  alkaloid  h.  possesses, 
therefore,  in  both  cases  a  greater  rotating  power  than  the  un- 
dissociated  salt  molecule.  With  brucine  the  opposite  is  the 
case;  and  the  strychnine  salts  appear  to  be  already  dissociated 
in  N/2O  solution. 

The  agreement  m  molecular  rotation  in  dilute  aqueous  solu- 
tions has  been  observed  in  many  other  salts  containing  active 
bases  or  acids,  although  sometimes  with  considerable  varia- 
tions, the  cause  of  which  is  found  partly  in  insufficient  dilu- 
tion, and  partly  in  the  unequal  degrees  of  dissociation  for  the 
different  salts.  Further,  it  must  be  remembered  that  in  dilute 
solutions,  as  the  observed  angles  are  very  small,  experimental 
errors  exert  a  great  influence  on  the  final  result.  Observations 
have  been  made  on  the  following  substances-  Alkali  salts  of 
malic  acid  (Schneider),1  tartrates  of  different  metals  (von 
Sonnenthal,*  Pnbram),11  tartrates  of  substituted  amines  (Kanno- 
nikoff),4  alkali  salts  of  methyl  and  ethyl  tartaric  acid 
(Fayollat),6  salts  of  active  glycenc  acid  (Frankland  and 
Appleyard),87  salts  of  quimc  acid  (Cerkez),8  alkali  salts  of 
active  valeric  acid  and  compounds  of  valeric  acid  with  inactive 
organic  bases  in  alcoholic  solutions  (Guye  and  Rossi),9  salts  of 
amyl  sulphuric  acid  and  salts  of  active  di-isoamyl  amine 

(Carrari   and   Gennari),10  comne    hydrochlonde    and  hydro- 
bromide    (Zecchmi),11   nicotine  salts  (Schwebel,12    Carrari) ,1S 

i  Schneider  Ann  Chem  (I/iebig),  207,  257 
'*  v  Sonnenthal  Ztschr.  phys  Chem.,  9,  656 
a  Pnbram  Wien  Monatsh  ,  14,  742 

*  Kannomkoff .  J  russ  phys  -chem  Ges.,  aa,  36 
»  Fayollat  Compt  rend  ,  117,  632. 

»  Frankland  and  Appleyard:  J  Chem  Soc ,  63,  296 

'  Frankland  and  Appleyard,  J  Chem  Soc.,  63,  311,  observed,  especially  with  the 
magnesium,  zinc  and  cadmium  salts  of  active  glyceric  acid,  variations  in  the  molecular 
rotation  from  that  found  with  the  alkali  salts,  and  in  consequence  of  this  were 
inclined  to  question  the  universality  of  the  Oudemans  rule.  But  they  used  10  per  cent 
solutions,  in  which  the  dissociation  was  incomplete,  and  which  likewise  for  the  differ- 
ent salts,  especially  those  of  the  dyad  metals,  might  be  very  unequal  in  extent 

8  Cerkez:  Compt.  rend  ,  117, 174 

•  Guye  and  Rossi:  Bull.  Soc  Chun.,  [3],  13,  465 

w  Carrara  and  Gennari  Ztschr  phys  Chem ,  17,  &i. 

»  Zecchinis  Ztschr.  phys,  Chem ,  16,  246, 

»  Schwebel:  Ber.  d  chem.  Ges.,  ij,  2850. 

>»  Carrara;  Ztschr.  phys.  Chem ,  14,  362,  16,  244. 
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cinchonidine  salts  (Schuster),1  salts  of  d-  and    /-wenthyl- 

amine  (Binz).*  „ 

Of  observations  of  this  character,  those  which  Walden 
made  on  tf-bro'mcamphorsulphonic  acid  and  its  salts,  may  l>e 
given  here  because  there  was  found  at  the  same  time  the  extent 
of  dissociation  by  means  of  determination  of  the  electrical  con- 
ductivity The  solutions  contained  equivalent  amounts,  antl 
c  indicates  the  number  of  grams  in  100  cc,  «  is  the  angle  of 
rotation  found  for  a  column  4  dm.  in  length  at  a  temperature 
of  20.5°.4 


e 

<xf> 

C*]/. 

Free-a-bromcamphor- 

14.952 

•\  55.20° 

1-  92.3° 

sulphonic  acid. 

1.0366 

3-64 

87.7 

CloHuBrO.S08H 

0.5183 

1-795 

866 

M=s  311. 

0.2592 

0.901 

86.9 

Potassium  salt. 

1  1633 

3.644 

78.3 

C10HltBrO.SOBK 

0.5817 

i  793 

771 

JI/-349. 

0.2908 

0.898 

77.3 

Thallium  salt 

I.7I34 

3.633 

53-1 

C10HHBrO.SO,Tl 

0.8567 

1.817 

52.9 

M=5i4. 

0.4283 

0.903 

52.7 

Zinc  salt. 

I.I4I7 

3.620 

79-3 

H(C10HuBrO.S08)a.Zu] 

0.5709 

1-795 

78.6 

M  —  342.5. 

0.2854 

0.900 

78.8 

Barium  salt. 

1.2617 

3-630 

71.9 

4[(C,0HuBrO  S08)a.Ba) 

0.6309 

1.807 

71.6 

M=  378.5 

0,3154 

0.895 

70.9 

287° 

373 
269 
270 


269 
269 

273 
272 
271 

273 

269 
371) 

273 

271 
369 


Iiiuwtfirttitiu 
ill  jwr  i  rut 


6H  5 

94-4 
95-5 


B7..» 
y»  ^ 


71  s 
77.2 

Ht.H 


74-X 
79-4 


As  can  be  seen,  the  molecular  rotations  of  all  these  bodies 
in  dilute  solution  approach  rapidly  the  constant  value  of  369 
to  270,  even  the  salts  of  dyad  metals,  although  these  are  lean 
dissociated  than  the  alkali  metal  salts  or  the  free  acid.  In 

1  Schuster:  Wien  Monatsh.,  14, 573. 

*  Blnz;  Ztschr.  phys.  Chetu.,  \»,  734, 

8  walden :  Ztschr.  phys.  Chem.,  10,  196.  Kipping  and  Pope,  ttl»,  (J.  Clwm, 
Soc.,  63,  548)  have  investigated  some  aalto  of  the  acid, 

*  The  original  paper  contains  observations  for  the  sodium  and  gludtmta  Kit* 
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general,  a  relatively  small  change  iirtlie  molecular  rotation's  is 
observed,  corresponding  to  the  increasing  degree  of  dis- 
sociation. 

JFree  adds  which  behave  as  good  electrolytes,  must  show,  in 
sufficiently  dilute  solution,  the  same  molecular  rotation  as  the 
neutral  salts,  since  the  concentration  of  the  active  ions  is 
finally  the  same.  This  is  illustrated  with  or-bromcamphor- 
sulphonic  acid  described  above  If,  on  the  other  hand,  the 
acid  is  a  poor  electrolyte  and  at  the  same  time  is  dibasic,  as 
tartaric  acid  or  malic  acid,  then  in  consequence  of  the  lower 
degree  of  dissociation  and  also  of  the  formation  of  different 
active  ions  (for  example,  C4HBO5  and  C4H405  from  C4HflO6) 
"the  observed  molecular  rotation  will  depart  widely  from  that  of 
the  neutral  salts.1  The  acid  salts  also  may  not  agree  with 
these,  because  here  different  conditions  of  dissociation  obtain. 
These  differences  are  shown  in  the  following  table  which  em- 
braces observations  of  Schneider2  on  malic  acid  and  malates  m 
5  per  cent,  solutions,  and  of  Landolt8  on  tartaric  acid  and 
tartrates: 


Malic  acid 

\M\* 

Tartaric  acid 

IXU 

Free  acids. 

CiHA 

-   3-2° 

C4H606 

+  21  1° 

Li  C4H6O5 

—  119 

Li  C4H606 

+  428 

Acid  salts. 

Na 
K 

10.5 

IO.2 

Na 
K 

41  2 
42-5 

NH4     " 

10.  1 

NH4     " 

428 

Li  ,C4HA 

-I7-7 

Li  AH408 

+  58.1 

Neutral 

Naa       " 

16.0 

Nag       " 

599 

salts 

Ka        « 

14.8 

Ka        " 

64.4 

(NH4V 

14.1 

(NH4y 

63.0 

i  Ifrora  the  measurements  of  Ostwald  (Ztschr  phys  Chem  ,  3,  371)  on  the  elec- 
trical conductivity  of  tartaric  add,  it  follows  that  this  acid  in  a  concentration  of  o  3 
«ram  per  liter  in  only  about  one-half  dissociated,  while  the  extent  of  dissociation  for 
«»«  neutral  tartrates  can  be  taken  as  above  95  per  cent. 

«  Schneider-  Ann  Chem.  (Liebig),  ao?,  357.  The  numbers  given  are  calculated 
from  the  interpolation  formula  given  for  g  -=  95 

»  I^ndott:  Her,  d,  chem,  Oes.,  16, 1076  The  concentration*  employed'were  equiva, 
lent  to  7.69  grams  of  tartaric  acid  in  100  cc  for  the  neutral  tartrates.  Weaker  solution* 
were  used  for  the  add  salts. 
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The  acid  salts  in  respect  to  their  rotation  stand  between  th< 
free  acids  and  the  neutral  salts.  From  them,  for  exampl* 
from  the  acid  malates,  at  first,  in  the  main,  the  ion  C4H5O 
separates,  which  with  greater  dilution  passes  into  C4H4O6 
Finally  the  same  molecular  rotation  should  be  expected  a; 
with  the  neutral  salts  but  sufficient  observations  are  lacking  tc 
show  this.1 

With  the  salts  of  very  weak  bases  and  acids  besides  the 
electrolytic,  hydrolytic  dissociation  may  also  take  place,  bj 
which  the  number  of  atomic  aggregations  in  the  liquid  is  stil 
further  increased  Such  complicated  changes  appear  to  take 
place  with  the  di-hydrochlorides  of  the  cinchona  alkaloids 
inasmuch  as  these  do  not,  like  the  monohydrochlorides,  give  i 
constant  end  value  for  the  molecular  rotation  by  increasing 
dilution.  The  following  numbers  for  \_M~\D  were  found  bj 
Hadnch,2  in  which  i  gram-molecule  of  substance  was  con 
tained  in  V  liters: 


V 

10 

20 

40 

So 

1  60 

320 

Cinchomdme- 

- 

dihydrocliloride  .   .  . 

-   525° 

—     521° 

—     516° 

-    504° 

-    4650 

. 

monohydrochlonde 

-    356 

-     381 

—     4OO 

—    402 

.    . 

. 

Qumidine- 

dihydrochloride  .  .  . 

+  ion 

+  1028 

—  1043 

+  1049 

H-  1123 

j_  I22B 

monohydro  chloride 

•• 

+     703' 

+     717 

+    726 

+  726 

The  great  differences  between  the  mono- and  dihydrochlondej 
are  without  doubt  caused  not  only  by  differences  in  the  natur< 
of  the  electrolytic  dissociation  but  also,  especially  with  quini 
dine,  by  the  existence  of  other  kinds  of  dissociation. 

If  the  degree  of  dissociation  of  an  active  body  be  dimimshec 
by  adding  to  the  solution  other  substances  which  also  behav« 
as  electrolytes,  a  change  in  the  rotating  power  follows.  Acid 
must  produce  such  an  action  and  in  fact  it  has  been  found  tha 
the  specific  rotation  of  tartaric  acid  experiences  a  decreas< 
when  the  aqueous  solution  is  treated  with  hydrochloric,  nitric 
sulphuric,  or  acetic  acid.  Equivalent  amounts  of  these  acid) 

1  The  interpolation  formulas  of  Schneider  gave  for  g=  100  very  great  difference 
"between  the  acid  and  neutral  malates 

a  Hadnch  Ztschr  phys  Chem.,  ia,  491, 
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exert  influences  in  different  degrees  (lyandolt).1  Qudemans" 
observed  the  same  phenomenon  on  treating  di-acid  alkaloids 
with  i,  2,  3,  ...,  molecules  of  different  acids.  At  first  an 
increase  in  the  specific  rotation  follows  and  continues  to  a 
maximum,  which  appears  when  somewhat  more  acid  is  present 
than  is  required  for  formation  of  the  neutral  sajtt,  and  then  a 
continuous  decrease  takes  place.  Of  numerous  observations 
the  following  may  be  given: 

Cinchonine. — In  100  cc  of  solution  5  mg.  molecules  of 
alkaloid  +  «  mg.  molecules  of  acid.  The  maximum  values 
are  shown  by  *  • 


Mol  acid 
to  i  mol  base 

Hydrochloric  acid 

Nitric  acid 

Formic  acid 

I 

[flr]jS  =  +  aoi.o° 

+  191  7° 

.... 

2 

254.1 

2534 

242  2° 

2* 

2590* 

257-3 

2439 

3 

2587 

2578* 

2456 

4 

2577 

2546 

2507 

6 

2533 

252  I 

2566 

10 

252  i 

2518 

2578 

20 

2460 

. 

258  9* 

45 

.. 

• 

2579 

92 

•• 

•• 

2540 

The  increase  m  the  rotation  at  the  beginning  may  possibly 
be  explained  by  the  assumption  of  hydrolytic  dissociation  on 
addition  of  small  amounts  of  acid.  The  behavior  of  the  acids 
depending  on  their  different  degrees  of  affinity  is  also  evident, 
inasmuch  as  to  reach  the  maximum  rotation  unequal  amounts, 
of  hydrochloric  acid,  2%  mols  ,  of  formic  acid,  on  the  other 
hand,  20  mols. ,  are  required 

Alkalies  act  in  the  same  manner  as  acids  From  observa- 
tions of  Th.  Thomsen8  it  appears  that  the  specific  rotation  of 
neutral  sodium  tartrate  undergoes  a  progressive  decrease  on 
addition  of  increasing  amounts  of  sodium  hydroxide,  while 
by  addition  of  water,  on  the  other  hand,  it  increases. 

In  the  same  way  the  changes  in  specific  rotation  which 

i  I^andolt-  Ber.  d  chem  Ges  ,  13,  2331 

*  Oudemans:  Rec.  trav,  Chim.  Pays-Bas,  i,  28 

»  Th  Thomson-  J.  prakt.  Chem.  [a],  35.  *45i  also  Algnan.  Compt.  rend ,  iii,  1009 
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follow  by  addition  of  salts  (§  70)  depend  largely  on  alteration 
in  electrolytic  dissociation. 

If,  finally,  active  electrolytes  are  dissolved  in  liquids  whicl 
possess  a  smaller  dissociating  power  than  water,  the  specifr 
rotation  in  comparison  with  that  in  the  latter  will  assume  . 
new  value,  which  may  be  larger  or  smaller  according  as  th 
active  ion  possesses  a  greater  or  less  rotating  power  than  th 
uudissociated  molecule.  The  same  phenomenon  must  b 
observed  when  such  a  liquid,  for  example  alcohol  or  acetone 
is  added  to  an  aqueous  solution  of  the  body.  Among  th 
many  observations  on  this  point,  the  following  by  Waldet 
may  be  quoted  in  which  the  extent  of  dissociation  has  bee 
calculated  from  the  electric  conductivity: 


Substance. 

Solvent 

( 

[^/]?i1 

DUwH-lttt 
J'cf  rri 

Water 

Inififi 

i    3»,o 

»-Brom- 
camphor 

7  parts  water     "1 
-{-  93  parts  acetone  J  "  ' 
Water  

1.0366 

343 

M 

sulphonic  acid 

3.5  parts  water     \  ^ 
•f  96.5  parts  acetone  /  ' 

0.5183 

326 

94«4 
J  i 

Water 

I  2617 

ftn  tt 

«-Brom- 
cainplior 
barium 

7  parts  water     \ 
+  93  parts  acetone  '    " 
Water  

I.26I7 

272 
328 

8.1 

_.   a 

sulphonate 

3.5  parts  water     \  t 
4-  9^'S  parts  acetone  /  ' 

0.6309 

301 

74.8 
5.0 

Oudemans"  found  that  some  of  the  salts  of  the  cinchoi 
alkaloids  rotate  in  alcoholic  solution  more  strongly  than 
aqueous,  others  less  strongly. 

In  general  many  of  the  variations  shown  in  the  specific  rot 
tion  of  bodies  dissolved  in  different  solvents  depend  on  dlflfc 
ences  in  the  extent  of  electrolytic  dissociation,  provided  diltt 
solutions  are  considered, 

i  Waldea:  Ztachr.  phy».  chem.,  ig,  305, 

*  Oudematu:  £ec.  trav,  Chlm.  Pfty»-Ba«,  i,  18, 
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Dissociation  of  Salts  with  Active  Anion  and  Kation. — For 
such  bodies  the  experiments  of  Waldenf  have  shown,  as  was  tg 
be  expected,  that  the  rotations  m  dilute  solutions  are  equal  to 
the  sum  of  the  rotations  for  the  ions.  For  a-bromcamphorsul- 
phonate  of  morphine,  C10HuBrO.HS08.C17H19NO8,  dissolved  in 
water,  he  found: 

c  =  1.9867        \M]o  =  —  100° 

C  —  0.9933  \M~\D  =  —   101° 

For  the  morphine  ion  we  have,  according  to  the  experiments 
of.Hadnch,  cited  above,  the  values  —  365  to  374,  in  the  mean 
—  371  for  \M\D.  For  the  ion  of  bromcamphor  sulphonic 
acid  we  have  \_M~]D  =  +  269  to  +  273,  in  the  mean  +  271. 
Hence  as  molecular  rotation  of  the  dissociated  salt  we  must 
have 

\M}D  —  —  371  +  271  =  —  100°, 

which  agrees  with  the  above  observation 

This  behavior  is  shown  also  with  qumidme  a-bromcamphor 
sulphonate,  where  both  ions  are  right  rotating. 

Behamorof  Boryl,  Arsenyl  and  Antimony  I  Tartrates. — These 
compounds  which  are  formed  by  heating  acid  tartrates  with 
boric  acid,  arsenious  oxide  and  antimomous  oxide  show  marked 
deviations  in  their  rotating  power  from  the  ordinary  neutral 
tartrates.  With  the  latter  the  rotation  increases  with  increas- 
ing dilution  and  reaches  a  constant  value  which  corresponds  to 
the  completely  separated  ion,  C<H4O(r  Thus  from  the  formula 
of  Th  Thomsen2  for  ^-sodium  tartrate, 

\M*\$  =  60  56  —  0.04647^  —  o  002216^, 
the  following  numbers  may  be  calculated  for  solutions  which 
contain  Filters  of  water  for  i  gram-mol.   of  salt  (or  in  100 
parts  of  solution  p  grams  of  salt)      These  values  for  [M~\D 

change  but  little. 

y  i  2  4  8  16  32 

P=     0.1625    00884    0.0462    00238    0.0120    00060 

[M]/j— +  5922       5998       60.30       6045       60.50       60.53 
The  same  end  value,  as  remarked  before,  is  found  with  the 
other  neutral  tartrates. 

On  the  other  hand  Hadrich  found  for  certain  alkali  boryl 

i  Walden:  Ztschr,  phys.  Chem.,  15,  206. 
«  Thomsen;  Jour  prakt.  Chem.  [a],  34.  80 

15 
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tartrates  the  following  molecular  rotations,  when  the  same 
dilution*  were  employed  (i  gram-mot,  of  .salt  in  niters*).1 


I'. 

I 

3 

4 
8 
16 


143° 

131 

m 

74 


153° 

I3H 

123 

107 

«9 

74 


i  aft 

131 

in; 
Hi) 
74 


We  have  here  to  begin  xvith  a  much  larger  molecular  n»U 
lion  than  with  the  simple  tartrates,  and  this  is  explains!  b\ 
the  circumstance  that  the  separated  ion  is  not  C4H4Un,  hut 
CJI/VIK).  Secondly,  the  rotation  decreases  rapidh  with 
increasing  dilution  and  for  I"  16  is  not  yet  appi^u-hing 
constancy.  As  appears  from  the  investigations  of  Magmimm' 
on  the  conductivity  of  solutions  of  boro-tartarie  and  this  m.tv 
he  referred  to  gradual  hy  dialysis  taking  place  at  the  same  timv 
which  brings  about  a  decomposition  erf  the  complex  um, 
C4H4t)B,BO.  Finally  the  ion  C.HA.  with  [;*/]„  <H»..S.  1111^1 
be  piesent. 

Thearsenyl  tartrates  act  in  the  same  way,     HathJoh  found 
foi 


1' 

N«(AHO,C,n<0, 

KH4(AHO)C41 

3 

I  324° 

I  330* 

4 

185 

IH6 

8 

131 

132 

16 

79 

f 

With  these  compounds  in  the  most  dilute  solution  tlw?  rota- 
tion of  the  tartaric  acid  ion  (58  to  63  as  already  given )  ha* 
been  reached, 

Other  phenomena  are  shown  by  potassium  aiitiuumyl  tarlraU 
(tartar  emetic),  Here  we  have  very  strong  rotation  whicl: 
scarcely  decreases  by  dilution,  For  the  formula  KSbOCtH4O, 
Hadrich*  found  these  numbers: 

1  Htltlrlch:  Ztuchr,  phyn,  Clicm,,  la,  494. 
*  Maguanlnl;  Ibtd.,  6,  67, 
»  HUdrlcli:  toe.  eit. 
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3? 

1.7*6 


64 
0.85° 


ax> for/  =2.35  dm.    +13.70       6.85       3.43 

WD  +    548          548         546         544         544 

Mol.  conductivity, /*        ...        70.58     79.45     8763      94,20 

Some  hydrolysis  takes  place  here  as  shown  by  Hadrich  from 
the  manner  of  change  in  the  conductivity,  but  only  to  a  slight 
extent.  An  explanation  of  the  slight  change  in  the  molecular 
rotations  is  still  lacking 

62.  b.  Formation  or  Decomposition  of  Molecular  Aggregations  of 
Simple  Structure. — As  is  well  known  molecular  weight  deter- 
minations by  the  freezing-  or  boiling-point  method  have  shown 
that  many  substances,  liquid  as  well  as  solid,  when  dissolved 
in  certain  liquids  appear  as  single  molecules,  while  in  others 
they  exist  as  double  molecules  (for  example,  acetic  acid  in 
ether  CaH4O2,  in  benzene  =  (C2H4O2)2,  etc.).  Experiments 
have  accordingly  been  made  to  determine  whether  the  influence 
winch  several  solvents,  or  their  concentrations,  exert  on  the 
specific  rotations  of  many  substances  corresponds  to  a  change 
in  the  molecular  weight  of  the  latter.  On  this  subject  we 
have,  mainly,  the  following  investigations 

Kreuncller1  dissolved  a  number  of  tetra-substituted  tartaric 
acid  esters,  the  rotations  of  which  in  pure  condition  were 
known,  in  different  liquids  (c  =  5  to  6)  and  determined  the 
specific  rotation  and  the  molecular  weight  He  believes  the 
following  laws  obtain  for  these  bodies 

i.  In  solvents  which  change  the  rotation  of  the  esters  but 
little  or  not  at  all,  the  latter  show  the  normal  molecular  weight. 
For  example: 


Solvent. 

Ethy- 
lene 
bromide 

Active  substance 

Molecular  weight 

Spec  rot    [a]a. 

From 
the 
formula 

Obser- 
vation 

In  solu- 
tion 

Without 
solvent. 

Propyl  dipropionyl  tartrate 
"       dibutyryl           " 
"       divaleryl            " 
«'      dicaproyl          " 
Methyl  divaleryl 

346 

374 
402 

430 
346 

34^ 
363 
389 
424 

348 

+    54° 
+    55 
+   3-6 
+    2.4 
-15-6 

+    55° 
+    5.2 
+    3.6 

-j-     2.2 
—  15-9 

Benzene 

Isobutylamyl  oxide 

144 

141 

+    x.4 

+    *<3 

Freundler:  Ann.  chim.  phys ,  [7],  4,  236  '(1895) 
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2.  In  solvents  which  bring  about  a  marked  change  in  the 
original  specific  rotation  of  the  esters,  anomalous  numbers  are 
found  in  the  cryoscopic  molecular  weight  determinations. 
For  example : 


Solvent. 

Active  substance 

Molecular  weight 

Spec,  rot    [a]y). 

From 
the 
formula 

Obser- 
vation. 

In  solu- 
tion 
c  =  5  to  6 

Without 
solvent 

Benzene 

Propyl  diacetyl  tartrate 

318 

277 

+     1.2° 

+  I3401 

K 

"      dipropionyl   " 

346 

295 

-    3-4 

+    56 

ii 

11       dibutyryl       " 

374 

3°4 

—    1.4 

+    52 

1C 

11       divaleryl 

402 

324 

—     2.2 

+    33 

(1 

11      dicaproyl       " 

430 

345 

-    43 

+     2.2 

Nitro- 

\ 

benzene 

Isobutyl  diacetyl        " 

346 

318 

+   120 

+  170 

Nitro- 

benzene 

Ethyl  dicaproyl         " 

402 

376 

~     51 

-    3  i 

Acetic  acid 

Isobutyl  dipropionyl  " 

374 

287 

+  20  2 

+  10  2 

Ethylene 

bromide 

Ethyl  diphenylacetyl  tartrate 

442 

394 

+  I92 

+   15  2 

Ethyl  ene- 

bromide 

Propyl      " 

470 

406 

+  233 

+  20.9 

Benzene 

((                         ((                        II                          If 

470 

413 

+  15.7 

+  20.9 

Nitro- 

benzene 

((                         II                       II                          <C 

470 

378 

+  14-6 

+  209 

Acetic  acid 

(1                         K                       II                           II 

470 

377 

+  27.2 

+  209 

In  all  these  cases,  the  specific  rotation  of  the  dissolved  sub- 
stance is  markedly  different  from  that  of  the  original  solvent- 
free  body,  being  sometimes  higher,  sometimes  lower,  and 
sometimes  showing  a  change  in  direction.  The  molecular 
weights,  as  determined,  are  all  below  the  normal,  'which 
probably  depends  on  dissociation  of  the  compounds. 

Freundler  also  found  substances  whose  molecular  weights  in 
solution  are  much  larger  than  the  formula  weights  and  which 
show  marked  changes  in  rotating  power.  The  explanation 
here  may  be  found  m  polymerization.  The  following  simple 
esters  of  rf-tartaric  acid  behave  in  this  manner. 
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Solvent. 

Active  substance, 

Molecular  weight 

Spec,  rotation  \ff\n         '  «! 

From  the 
formula 

Observa- 
tion. 

In 
solution 

WithoTrt 
solvent. 

Benzene 
Benzene 
Ethyl  bromide 

Methyl  tartrate 

Propyl 
i<            it 

I78 
234 
234 

411 
306 
326 

—   88 
+  20.  i 
—   0.6 

+    2.14 
+  12.44 
+  1244 

The  rotation  and  molecular  weight  of  nicotine  in  different 
solvents  has  been  investigated  by  Hein,1  and  with  concentra- 
tions at  which  the  boiling-point  method  yields  reliable  results. 
It  was  found  that  by  diminishing  the  percentage  amount  of 
nicotine,  p,  the  specific  rotation  was  also  diminished,  although 
with  several  liquids,  as  ether,  acetone,  and  benzene,  in  very 
small  degree,  and  somewhat  more  with  ethyl  and  propyl 
alcohol  The  molecular  weights  appear  from  the  observations 
to  undergo  a  slight  decrease  with  decrease  in  p,  but  the  values 
are  all  very  near  the  normal  number.  The  following  are  the 
results  obtained 

Pure  nicotine,  a*°  =  —  164.0°      Molecular  weight  =  162 


Solvent 

Decrease  in 
percentage  amount 
of  nicotine 

Corresponding  decrease 
in  specific  rotation 

Ms 

Molecular 
•weight 
found 

Ethyl  alcohol  • 
Propyl  alcohol 

From  ii  4  to  1.7 
"  134  "  20 

"  IQ  Q  "  A.  6 

From  —  141.1°  to  139  o° 
"    -1472    "1446 
"    —  162  3    "  161  8 

167  to  164 
156  "  152 
TQ2    "  177 

Acetone  
Benzene  

"  12  0  "  2  3 

"  144  "  3-5 

"    —  163  3    "  162  6 
"    —163.8    "1634 

188  "  172 
175  "  172 

Solutions  of  nicotine  in  water  show,  on  the  other  hand,  a 
different  behavior.  As  pointed  out  in  §  56  the  specific  rotation 
changes  within  the  limits  [<*]"  =  —  76.84  to  77  59  when  the 
percentage  strength  sinks  homp  =  15.59  to  1.06,  with  a  mini- 
mum at  p  =  g  The  molecular  weight,  found  cryoscopically, 
shows  however,  according  to  the  observations  in  §  56,  a  very 
strong  decrease;  it  has  forp  —  13.74  the  value  275,  which 
gradually  sinks  to  the  normal,  162,  when^  is  less  than  2  per 

i  J.  Heln   Ueber  das  specif,  DrehungsvermBgen  und  das  Moleculargewicht  des 
Nicotine  intyapungen,  Inaug,  Diss.,  Berlin  (1896). 
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cent.     In  this  case  the  great  change  in  molecular  weight  has 
no  influence  on  the  rotating  power  of  the  substance. 

Rotation  and  molecular  weight  in  solutions  of  different  con- 
centrations have  been  further  investigated  by  Frankland  and 
Pickard1  with  the  following  substances 


Solvent 

Decrease  in 
per  centage 
amount  of 
active  sub- 
stance 

Corresponding  change 
in  specific  rotation, 

[*]/>• 

Molecular  weight 
found  cryoscopically 

rf-Dibenzoylglycerate  of  methyl  [«]  g  =  +  26.9  ;  M  —  328. 

Benzene 

34  I  to  3  0 

Inc  from  +  40.  7  to  45.7 

Between  299  and  322 

Nitro- 

benzene 
Ethylene- 
bromide 
Acetic  acid 

28.1  "2.4 

22  3  "3.3 
186  "1.7 

Dec.     "     +220  "  19.8 

"     +  21  7"  192 
Inc      "     +324"  343 

3°5   "    34i 

"        322   "    359 
305   "    34i 

/-Diacetylglycerate  of  ethyl  [a]  $  =—  16.31 ;  M—  218. 


Benzene 
Acetic  acid 

29  8  to  5.3 
25-o  "  3-4 

Inc.  from  —  14  8  to  17.2 
"        "    -194"  287 

Dec  from  216  to  209 
"     194  "  136 

With  the  first  ester,  no  definite  change  in  the  molecular 
weight,  corresponding  to  increase  or  decrease  in  the  specific 
rotation  with  diminished  concentration,  is  noticed ;  for  the 
molecular  weight,  irregularly  varying  numbers  were  found , 
which  are  not  very  far  from  the  normal  formula  weight. 

The  diacetylglycerate  of  ethyl  dissolved  in  benzene  shows 
an  increase  in  rotation,  but  a  decrease  in  the  corresponding 
nearly  normal  molecular  weight.  In  acetic  acid,  the  rotation 
increases  likewise  and  the  molecular  weight  decreases,  but  the 
latter  shows  values  which  are  much  smaller  than  the  normal, 
so  that  dissociation  appears  to  have  taken  place  here. 

With  the  ethyl  ester  of  /-mandelic  acid,  the  following  values 
were  found  by  Walden2  for  the  specific  rotation  and  molecular 
weight,  the  latter  being  determined  by  elevation  of  the  boiling- 
point  : 

i  P  Ifrankland  and  Pickard  J  Chem  Soc  ,  69, 123 
*  Walden    Ztschr  phys  Chem  ,  17,  705 
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Pure  ester  (au'perfttsed)  [a]  ^=58  —  183,1°;  4Ts=i8o, 


Solvent. 

C 

MD 

Molecular  weight  found 

Acetone 
«  t 

5.81 
x.i6 

—   90.6° 

-   87.1 

175,4  (4,21  subst.  in  100  pts.  solution) 

Carbon  disulphide 
it            H 

5.00 
2.50 

—  180.0 
—  1800 

189.6(3.64     "       "            "             ) 

The  original  specific  rotation  of  the  ester  experiences,  there- 
fore, in  acetone  a  marked  decrease,  but  m  disulphide  of  carbon, 
on  the  other  hand,  an  increase,  while  the  molecular  weight  is 
normal  in  both  solutions. 

Finally,  tf-mononitrocamphor  dissolved  in  carbon  disulphide 
hhovvs  a  .strongly  decreasing  rotation  with  increase  in  concen- 
tration, but  in  alcohol  only  a  slight  change.  In  both  solvents 
the  substance  possesses  the  normal  molecular  weight 
(Pescctta).1 

According  to  the  above  observations  the  following  phe- 
nomena, in  general,  have  been  noticed: 

1.  A  change  in    the  rotation,  with  the  molecular  weight 
lemainmg  normal    (ethyl    mandelate,    a-inonomtrocamphor, 
nicotine  in  ethyl  and  propyl  alcohol) 

2.  A   change  in  the  molecular  weight  while  the  rotation 
remains  constant  ( nicotine  in  water) .     In  these  two  cases  there 
can,  naturally,  be  no  relation  between  the  constants 

3.  Simultaneous  changes  in  rotation  and  molecular  weight. 
If'hcte  the  molecular  weight  in  solution  is  much  greater  than 
the  tun  null,  the  cause  of  the  modified  rotation  is  probably  found 
in  :i  poh  mei i/ation  of  the  molecule  (simple  tartrate  esters)      If 
the  molecular  weight  is  found  to  be  smaller  than  the  normal, 
the  change  in  rotation  is  piobably  due  to  beginning  dissocia- 
tion (diacetyl  glycerate  of  ethyl  in  acetic  acid). 

Whether  or  not  the  variations  from  the  original  specific 
rotation  which  were  found  in  the  tetra-substituted  esters  of 
tnrtarfe  acid,  investigated  by  Freundler,  when  they  were  dis- 
solved ill  different  solvents,  have  any  connection  with  the 
decrease  in  molecular  weight  observed  at  the  same  time,  can 
not  be  shown  with  certainty. 

i  Pttcttta:  Gu*.  chim.  itftl.,  aji  Hi  4*8. 
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63.  c.  Presence  of  Complex  Polymerized  Molecules  (Crytt*!  Mole- 
cules) in  the  Solution. — While  it  is  not  clear  ho\v  by  association 
of  two  or  only  a  few  molecules  the  original  rotation  should  }vs 
altered,  some  action  should  follow,  on  the  other  hand,  when  a 
large  number  of  active  molecules  unite  to  produce  A  crystal 
structure,  which  in  turn  possesses  asymmetric  form,  it  has 
already  been  shown,  in  §  7,  that  those  bodies  which  arc  active 
in  dissolved  and  in  crystalline  condition  posses^  in  the  latter 
form,  a  lotating  power  which  is  clue  to  the  combined  activity  of 
the  single  molecules  and  the  crystal  molecule*.  I  f  the  assump- 
tion may  be  made  that  in  concentrated  solutions,  at  least,  of 
solid  active  substances,  such  complex  aggregations  ;ue  present, 
which  by  continued  dilution  gradually  bieak  down  im»  normal 
molecules,  then  the  corresponding  changes  in  the  rotation  mav 
be  explained. 

The  possibility  of  the  occurrence  of  such  ervstul  niolei'iiles 
in  solutions  has  been  frequently  afllimed  bv  <»ioth,!  I-Wk, 
Bell,"  WyroubofF  and  others,  but  experimental  pi  oof  is  thnsf.it 
wholly  lacking  It  is,  however,  possible  that  the  foUmviiiK 
phenomena  observed  in  aqueous  solutions  of  malic  and  taitune 
acids  may  be  ascribed  to  this  cause. 

Ordinary  malic  acid  exhibits  left  rotation  in  dilute  mjnemiH 
solutions,  and  this  grows  less  with  inei easing  ctmcvntt.ttiun, 
passes  through  a  point  of  inactivity,  and  finally  turns  to  inereas* 
ing  right  rotation  (§57).  The  same  phenomenon  is  noticed  on 
lowering  the  temperature  (§  60).  With  rMartarie  acid,  uii 
the  other  hand,  the  rotation  changes  from  right  to  left  tfradn 
ally  as  the  concentration  becomes  very  great  ( §  «j/0 .  For  each 
spectrum  color  the  point  of  inactivity  appears  at  it  certain  ami 
distinct  concentration  (§46), 

These  marked  variations  in  the  rotation  can  'it*/ Unexplained, 
as  Nasini  and  Geunari'  especially  have  pointed  out,  by  ( i ) 
electrolytic  dissociation,  because  this  with  malic  neid  and  tar- 
taric  acid  is  noticeable  only  in  very  dilute  solutions,  where  an 
accurate  observation  of  the  rotation  coulcl  no  longer  be  made  ; 

i  Groth-  "  Phyaikal.  Kryslnllog.,'1  Ill  eel.  (1X95),  p  368. 

3  Fock:  "iSlnleilunghidleoliemlacheKryiiltillogratthle"  (iHHH),  o  i«j 

"^oulaBelliSilHntaji'sJour.  [3],  7,  iao. 

*  Wyrouboffs  Compt  rend.,  115,  83aj  Bull.  Snc.  Clilm.,  [3!,  9,  JM 

11  Nasiui  and  Geimari:  ztschir.  phys.  Chem,,  19, 113 


PRESENCE  Off  GOMFXEX  POLYMERIZED  MOU$GUI,E!S 

(2)  by  simple  polymerization,  as  ^ryosocrpic  observations 
with  malic  acid  in  concentrations  9^and,  24,5  have  shown  the 
normal  molecular  weight ;  (3)  by,  formation  of  hydrates  of 
variable  composition;  for  the  reasons  given  in  §  64  these  are 
in  general  not  possible. 

The  phenomenon  may  be  understood,  however,  if  we  assume 
that  the  left-rotating  single  molecules  of  malic  acid  with 
increasing  concentration  gradually  combine  to  form  right- 
rotating  aggregations,  and  the  right-rotating  tartaric  acid 
molecules  to  form  left-rotating  groups.  Accordingly,  finally, 
in  anhydrous  condition,  /-malic  acid  should  exhibit  right 
rotation  and  rf-tartanc  acid  left  rotation.  With  the  first  acid 
this  has  not  been  shown  experimentally,1  but  in  the  case  of 
tartaric  acid  it  has  been,  as  already  mentioned  in  §  46  That 
this  condition  can  actually  obtain  when  solid  crystalline  par- 
ticles separate  is  shown  m  the  case  of  rubidium  tartrate,  which, 
as  explained  in  §  7,  possesses  right  rotation  in  solution,  but  left 
rotation  as  salt. 

The  assumption  that  in  solutions  of  malic  and  tartaric  acids, 
single  molecules  and  molecular  aggregations  occur  at  the  same 
time,  and  possess  opposite  rotations,  would  explain  (i)  The 
anomalous  rotation  dispersion  of  the  two  substances  (§46); 
(2)  the  parallel  change  in  rotation  with  increasing  dilution  or 
elevation  of  temperatures  (a  60),  as  both  causes  would  lead 
to  a  breaking  down  of  molecular  aggregates ,  (3)  the 
phenomenon  referred  to  in  §59  m  which  solutions  of  rf-tartaric 
acid  m  mixtures -of  alcohol  and  benzene  or  other  hydrocarbons 
exhibit  left  rotation,  inasmuch  as  these  liquids,  as  is  well 
known,  have  the  power  of  favoring  the  formation  of  molecular 
combinations 

A  proof  of  aggregations  by  cryoscopic  methods  is  not  pos- 
sible, as  these  do  not  exist  in  dilute  solutions  In  such 
solutions,  as  shown  in  §  20,  tartaric  acid  has  the  normal 
molecular  weight.  The  further  changes  observed  in  the 
rotation  of  tartaric  acid,  with  great  dilution  (§55),  find  their 
explanation  in  the  now  possible  electrolytic  dissociation. 

As  may  be  finally  remarked,  phenomena  different  from 
those  referred  to  above  had  already  led  to  the  view  that 
molecular  combinations  exist  in  concentrated  solutions  which 

1  This  has  since  been  shown  by  Walden     See  Part  VI,  Constants  of  Rotation    Tr 
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break  down  with  increasing  dilution  Hittorf  explains  in  this 
way  the  abnormal  behavior  of  cadmium  salts  on  electrolysis.1 

64.  d.  Combinations  of  the  Active  Body  with  the  Solvent.  Hydrates. 
— Biot2  attempted  to  explain  the  changes  in  the  specific  rotation 
of  tartaric  acid  on  increasing  dilution  on  the  assumption  of  the 
formation  of  hydrates  containing  more  and  more  water.  But 
thus  far,  it  has  not  been  found  possible  with  this  substance  or 
with  others  to  positively  prove  the  existence  of  such  compounds, 
as  the  methods  based  on  observations  of  osmotic  pressure 
furnish  here  no  information.  As  Nernst8  has  shown,  a  pro- 
gressive formation  or  decomposition  of  hydrates  with 
increasing  dilution  is  in  general  not  possible,  and  for  the 
following  reasons  If  a  molecule,  A>  with  n  molecules  of 
another  substances  B  (water)  enters  into  the  reversible 
reaction, 

A  +  n  B  —  A  Sn} 

and  the  corresponding  concentrations  are, 

Cl      C*      C, 

then  must,  by  the  Guldberg-Waage  law, 

TS-  n 

Kc  =  c^  ct  . 

If  the  molecule  species,  B,  represents  the  solvent,  present  in 
excess,  then  its  concentration,  cz>  in  comparison  with  ^  and 
c,  is  very  large,  and  it  will  be  but  little  changed  in  the  reaction, 
whatever  direction  this  takes.  Consequently  cz  may  be  com- 
bined with  the  constant  K  and  we  have  : 

c 

—  =  const. ; 
c\ 

that  is,  for  all  concentrations,  the  relation  of  the  hydrated  to  the 
non-hydrated  molecules  must  remain  the  same.  This  law  would 
naturally  no  longer  obtain  if  the  substance  on  solution  should 
form  several  kinds  of  groups,  A,  by  polymerization  or  chem- 
ical decomposition. 

Hydrates  of  definite  composition  are  without  doubt  formed  by 
the  solution  of  certain  active  bodies  in  water.  This  is  indi- 
cated, for  example,  by  the  strong  liberation  of  heat  in  the  case 

i  See  H,  Jahn    "  Grundnss  der  ^lectrochemie,"  Vienna,  1895,  pp.  49  and  57, 

9  Biot,  Mem.  del'Institut ,  T  15  (1838) 

8  Nernst    Ztschr.  phys  Chem ,  H,  343,    "  Theoretische  Chenue,"  p,  370. 
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st  nicotine  (15°  for  24  grams  of  nicotine  and  6  grains  of  water); 
also  by  the  phenomenon  that  strong  solutions  separate,  on 
heating,  into  the  oily  base  and  water.  Further,  as  follows 
from  the  observations  cited  in  §  52,  the  density  of  the  solutions 
increases  with  increasing  addition  of  water,  reaches  a  maxi- 
mum with  the  proportions  65.9  nicotine  to  34.1  water  (corre- 
sponding to  C]0HuNs.5HaO)  and  then  rapidly  decreases.  This 
peculiarity  in  the  variations  in  the  specific  gravity  is  not  shown 
however,  in  the  continuous  decrease  exhibited  by  the  specific 
rotation,  and  it  may  therefore  be  questioned'  if  the  latter  is 
influenced  by  the  nicotine  hydrate. 

The  changes  in  the  rotation  of  aqueous  solutions  of  malic 
acid,  referred  to  in  §  57,  have  been  accounted  for  by  Bremer1 
on  the  assumption  that  the  acid  itself  possesses  right-hand 
rotation  while  the  hydrates, 

COOH— CH.OH— CH2-C(OH),, 
C(OH),— CH.OH— CH,— C(OH),, 

.show  left-hand  rotation. 

Further,  the  phenomenon  that  rhamnose  hydrate, 
C,1I,A  HA  dissolved  in  water  on  the  one  hand,  and  in  cer- 
tain alcohols  on  the  other,  exhibits  opposite  rotation  directions, 
has  been  explained  by  Rayman'  on  the  hypothesis  that  the 
notation  contains  a  hydrate,  C^A-CIKOH),,  in  theonecase 
and  in  the  other,  alcoliolates,  C^A  *CH(OH)(OR),  in 
which  a  new  asymmetric  carbon  atom  appears  The  observed 
e  rotations  refeired  to  C,HW0B  are  the  following: 

Water P        5  to  40  [«]„  =  +    9  2  to  9  43 

Mc-tlH  1  alcohol  .  p  =  19  [«]  D  =  ~ I0  59* 

Kllul  alcohol    ..  p  -   64;  9.3  [«]/>  =  —  I0  65'4  I0  ^ 
I sobHtyl  alcohol.,  p    -    73         [<*]z>==~~   7'3 
Am/alcohol..  .  Irftwtatmg* 

lwilin>pyl  alcohol .  [«]  D  =  +  b  6? 

i  jtremer  Rcc  trwv.  Chlm.  Pays-Das.,  3.  ***<  336. 


iUynmn:  /<«.  eft 
»  Jacob!1  toe,  cit. 
*  p*ri*»k  and  8ulc :  Ber.  d.  chem.  Ge&,  »6,  i4n. 
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Of  the  left-rotating  alcoholic  rhamnosides  Rayman  was  z 
to  prepare  the  amyl  compound  in  solid  condition.  The  ri 
rotation  of  the  solution  in  isopropyl  alcohol  is  explained 
Parizek  and  Sulc,1  who  state  that  in  this  case  an  alcoholat< 
not  formed.  According  to  Fisher  the  alcohol  glucosides 
easily  formed  in  presence  of  hydrochloric  acid  2 

If  an  active  body  forms  a  true  chemical  combination  \\ 
the  solvent,  the  resulting  specific  rotation  would  naturally 
different  from  that  found  with  an  inert  solvent.  This  we 
be  the  case,  for  example,  with  solutions  of  borneol  in  chic 
or  bromal.  The  existence  of  such  compounds  in  solutioi 
frequently  assumed,  for  example,  of  turpentine  oil  with  carl 
disulphide,8  propyl  tartrate  with  benzene,*  alkaloids  ^ 
alcohol  and  benzene,6  but  that  they  are  formed  has  not  b 
definitely  proved. 

65.  e.  Hydrolysis. — This    phenomenon  occurring  in  salts 
weak  acids  or  bases  appears  to  influence  the  rotation  in  sc 
instances,  as  already  pointed  out  in  §61,  but  numerical  c 
are  still  lacking.     The  effect  is  probably  slight,  because,  a 
well  known,  with  most  salts  but  a  small  portion  suffers  hyc 
ly tic  dissociation  (Shields),0  (Bredig)  T 

66.  f.  Small  Variations  in  the  Atomic  Equilibrium  of  the  Ac 
Molecule. — The  alteration  in  specific  rotation  shown  by  ne* 
all  bodies  in  presence  of  a  solvent  cannot  be  explained  in  mi 
cases,  by  any  of    the  causes  so  far  discussed.      Here, 
example,  belongs  the  increase  in  the  specific  rotation  of  ca 
sugar  by  increasing  dilution  with  water,  where  between 
limits  £  =  35  to  95  [a]^  increases  from  65  6°  to  66.6°  (§5 
further,  the  increase  in  specific  rotation  of  /-turpentine 
[>]/>  =  —  37,  by  addition  of  alcohol,  benzene  or  acetic  a< 
which  liquids  finally  yield  a  maximum  value  of  [a]/,  =  —  38. 
—  39.8°,  and  — 40.7°  (§52)      Although  in  these  cases,  as 
many  others,  the  increase  or  decrease  in  the  rotating  powe 
but  small,  it  may  still  be  followed  with  certainty. 

Panzek and  Sulc  loc  cit.,  Sulc.  Ber  d  chetn  Ges.,  27,  594. 

Fisher  Ber  d  chem  Ges  ,  a6,  2400 

Aignan.  Pouv  Rot ,  Thesis,  1893,  p  24 

Freundler  Bull  Soc  Chun  ,  [3],  p,  683 

Wyrouboff  Jour  de  Phys  [3],  a,  180;  Ann,  chim,  phys.  [7],  i,  i. 
"  Shields    Ztschr  phys  Chem ,  »,  167. 
t  Bredig  Ibtd  ,  13,  323 


Phenomena  of  this  order,  as  already  remarked  in  the  first ' 
edition  of  this  work,  may  possibly  be  accounted  for  by  the 
hypothesis,  that  when  between  'the  molecules  of  a  certain 
substance  (turpentine)  other  molecules  (alcohol)  enter,  certain 
modifications  in  the  structure  of  the  first  result  and  of  such  a 
nature  that  in  each  molecule,  the  relative  positions  of  the 
atoms,  their  arrangement  in  space  and  the  conditions  of  their 
motions  are  somewhat  altered.  This  will  follow  in  greater 
degree,  the  larger  the  number  of  added  inactive  particles 
Observations  of  other  kinds  of  phenomena  have  also  led  to  the 
same  notions  of  possible  slight  perturbations  in  atomic  equili- 
brium, not  sufficient,  however,  to  endanger  the  existence  of  the 
molecule  * 

E.  Specific  Rotation  of  Complex  Systems 

67.  Solutions  of  an  Active  Body  in  Two  Inactive  Liquids. — If  the 
change  in  the  specific  rotation  of  the  body  by  each  one  of  the 
solvents  alone  is  expressed  by  the  constants  of  the  equations- 

(I)  ftfl' -  *  1  **  1  ?£ 

L "J»  —  a  ~T  u£  ~T  cdl  i 

in  which  a  is  nearly  the  same,  the  action  of  the  mixture  will 
be  given  by 

(II)  [«]  «  a  +  (6ft  +  bfjq  +  (ClP,  +  cfjf> 
where  100  parts  by  weight  of  the  solution  of  the  active  sub- 
stance contain  q  parts  of  the  inactive  liquid  mixture,  or  i  part 
by  weight  of  the  latter  is  made  up  of  /\  and  Pa  parts  of  the 
components 

This  formula  applies,  however,  only  when  the  two  liquids 
mix  with  but  slight  change  in  volume  or  other  physical 
property,  as,  in  the  other  event,  some  modification  in  the 
behavior  of  the  same  with  the  active  body  might  be  expected. 

Rimbach*  investigated  the  relations  obtaining  with  solutions 
of  camphor  in   mixtures  of  acetic  ether  and  benzene     He 
found,1  as  expressing  the  influence  of  the  liquids  separately: 
Camphor  in  acetic  ether    [a]™  =  56,54  —  0.0907  g  +  o.ooo  401  ?s 
11    benzene          [a]g  =  55-99  —  °.i847  9  +  o.ooo  269  q* 

Then  the  specific  rotations  were  determined  for  a  number  of 

i  See,  tot  example,  van't  Koff  •  "Btudesde  dyoanuque  chumque,"  1884,  p,  41 
t  Ritnbttiu  Z*lt,  pbyfl.  ch«n.,  9, 698.  ' 
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solutions  which  are  given  below  in  parallel  with  the  values 
found  by  formula  (II).     For  this  calculation  (*  was  taken 
56.265.  4 


Mixture. 
•    9 

Acetic  ether. 
PI 

Benzene 
Pa 

Observation. 

CnleuliUkm. 

4994 

0.7509 

0.2491 

+  5I.760 

51.49" 

64.98 

07509 

0.2491 

50.86 

50.41 

9000 

0.7509 

0.2491 

49.63 

48.97 

46  21 

05050 

0.4950 

50.88 

50.66 

6496 

05050 

0.4950 

49-35 

48.77 

79.70 

0.5050 

0.4950 

48.06 

47.4fi 

89.49 

05050 

04950 

47.32 

46.67 

40  16 

02569 

0.7431 

50.35 

5".  3' 

5013 

0.2569 

0-7431 

49-14 

4^.98 

6518 

02569 

0.7431 

47-41 

47.09 

80  oo 

0  2569 

07431 

4589 

45-3* 

8969 

02569 

0-7431 

4486 

44.3" 

Cnl  ~olm. 


0.37 

"•45 
0.66 
o.aa 
058 
0.60 
o  65 

U.O.J 

o  16 
w..U 
<»  S3 
0.56 


With  these  mixtures  the  calculated  specific  rotation  was 
always  found  a  httle  less  than  that  found  by  observation,  the 
difference  increasing  with  the  dilution  of  the  mixture. 

A  second  series  of  investigations  made  by  Rimbaeh  on 
solutions  of  right  turpentine  oil  in  mixtures  of  alcohol  and 
glacial  acetic  acid  showed  very  small  differences  between 
observation  and  calculation,  and  sometimes  positive,  .some- 
times negative 

While  in  the  above  illustrations,  the  specific  rotation  with 
mixtures  has  been  found  to  lie  between  those  found  with  the 
components,  it  has  been  noticed  that  in  some  cases  the  first 
may  be  considerably  the  larger.  In  this  event,  a  maximum 
rotation  is  found  for  some  definite  mixture  of  the  two  liquids. 
The  following  are  observations  in  this  line  : 

According  to  Hesse1  cinchonidine  gives  in  concentration. 

— _  n   .  <  * 


C=2  ' 


Dissolved  in  alcohol  of  97  per  cent  by  volume.  Ta-1 
"chloroform  .....................  1J 

"         "  alcohol-chloroform  (  i  :  a)  ,...,.,      <« 
1  Hesse  .  Ann.  Chera.  (Webig),  176,  219. 


—  106,9 
-    83.9 

—  108,9 


For  anhydrous  cinchonicline  nitrate  and  hydrochloride, 
Oudemans1  obtained  the  following  numbers 

Uydro- 

Qoiwnt  Nitrate,      chloride, 

aoiveui.  £  =  i  855       c  <a  i  722, 

Water £#]£  =  —   999  —   99,9 

Absolute  alcohol "          — 1032  — 104.6 

80  per  cent.2  alcohol  +  20  per  cent 8  water-  "          —  127.0  —  128.7 

89 '       +  ii  "      "          "...  "          —1190  —119.6 

According  to  Oudemans  quimdme  hydrochloride  in  concen- 
tration c  —  1.89,  for  the  anhydrous  salt,  shows  : 

Dissolved  in  water [a]^  =•  + 190.8 

"          "    absolute  alcohol "  199  4 

Dissolved  in  alcohol  of  90  5  per  cent  by  weight  "  2130 

Hesse8  has  followed  the  changes  in  the  specific  rotation  of 
quinine  hydrochloride  (with  2H2O)  with  vanations  in  the 
proportions  of  water  and  alcohol  used  as  a  solvent,  employing 
always  the  constant  concentration,  c==  2.  From  the  follow- 
ing data,  in  which  g  gives  the  per  cent,  by  volume  of  alcohol  in 
the  solvent,  it  appears  that  for^-  =  60,  a  maximum  of  rotation 
occurs 

g  —         o       20     40       50      60     70       80       85      90     97 
fVjy)  =  —  138  8  166  6  182  8  187  5  187.8  182  3  174  8  168.3  160  8  143  9 

Oudemans4  gives  the  following  observations  on  the  specific 
rotation  of  cinchomne  in  mixtures  of  chloroform  and  alcohol 

I  2  3456 

Chloroform.   ...       100  oo      9966      9874      94.48      8695      8226 
Alcohol  .  o  o  34        1.26        5  52      13  05      17  74 

[ex]p +2120     216.3      2264      2366      2370      2347 

789                    10  ii 

Chloroform  ...          65  oo         44  29         27  54          17  02  o  oo 

Alcohol                      35.00         55  71          72  46         82  96  100  oo 

[a]/,  ••••                 229.5         2266         2276  2278  2280 

A  maximum  is  found  here  which  is  shown  by  graphic 
interpolation  to  occur  with  the  mixture  containing  10  per 
cent,  of  alcohol.  It  is  also  observed  that  in  an  alcoholic  solu- 
tion of  cmchonme,  about  one-half  of  the  alcohol  may  be 
replaced  by  chloroform  without  producing  any  marked  change 
in  the  specific  rotation,  while  on  the  other  hand,  if  in  a  solu- 

i  Oudemans  ;  Ann.  Chem.  (lyiebig),  i8a,  49,  50. 
4  By  weight. 

»  Hes^e*  Ann  Chem.  (Webig),  176,310. 
*  Oudemans  :  /*«<*.,  166,  71, 
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tion  of  cinchomne  in  chloroform  only  1/300  of  the  latter  is 
replaced  by  alcohol,  an  increase  in  the  specific  rotation  of  4° 
follows. 

68.  Mixtures  of  Two  Active  Liquid  Substances.  —  If  the   mixture 
consists  of 

Pi  parts  by  weight  of  the  one  body  with  specific  rotation  [«]„ 
A  "  "  "  other  "  "  '  "  "  [a],, 

then  we  have  as  the  specific  rotation  of  the  mixture  [<*],«: 

r        —  A  t>L+A  [«]. 


assuming  that  each  body  has  no  influence  on  the  specific  rota- 
tion of  the  other.  If,  however,  some  such  action  takes  place 
the  observed  specific  rotation  must  depart  more  or  less  widely 
from  that  calculated. 

An  investigation  of  this  question  was  undertaken  by  Ham- 
merschmidt1  with  the  following  substances  . 

Mixtures  of  Right-  and  Left-Rotating  Turpentine. 


Mixture 
No. 

In  too  parts  of  mixture 

Observed 
rotation  of  the 
mixture 

Ms 

Calculated 
specific 
rotation 

Diffei  ence 
Calc  —  Obs 

Right  oil. 

I,eft  oil 

IOO 

.    .  . 

+  17  39° 

.    .  . 

.  .    . 

I 

79-25 

20.75 

+    640 

+    64I° 

+  001 

II 

60.40 

39-6° 

-   354 

—   355 

-|-  O.OI 

III 

40.82 

59.18 

—  13-90 

—  1390 

-f-  OOI 

IV 

2083 

79-77 

—  28.82 

—  28.80 

—  O.O2 

.... 

IOO 

—  3550 

.... 

From  these  numbers  it  is  evident  that  the  specific  rotations 
of  mixtures  of  such  similar  bodies  as  two  turpentine  oils  corre- 
spond exactly  to  the  above  mixture  formula.  It  is  further 
found  by  calculation  that  a  mixture  of  67.13  parts  by  weight 
of  the  right-hand  oil  with  32,87  parts  by  weight  of  the  left- 
rotating  oil  must  be  inactive  optically. 

69.  Solutions  of  Two  Active  Bodies  in  an  Inactive  Liquid, — 
Let  the  mixture  contain  in  100  parts  by  weight 

i  Hammerschmidt,  "  Ueber  das  specifische  Drehungsvermogen  von  Gemengen 
optisch  activer  Substanzen  "  Inaug  Dissert  Rostock  1889 
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Aj_  per  cent,  of  the  first  active  -substance, 

A,  "       "      "    "   second  " 

JP    "       "     "    "  inactive  liquid, 

and  let  the  effect  of  the  solvent  on  the  first  active  body  be 
expressed  by 

and  that  of  the  solvent  on  the  second  active  body  by 
(II)  [a],  =  aa  +  b,p  +  c,p\ 

t  in  which  formulas  p  gives  the  percentage  amount  of  active 
substance  in  each  solution. 
Then  we  substitute : 

TfV^  >*f 

In  equation  (I)  for/  the  value    .     .    L  ; 

-  P  -   -  ^% 


With  the    specific    rotations   [«]t  and  [oQa    so    obtained, 
there  follows  for  the  mixture, 


but  from  the  observed  angle  of  rotation  a,,t  we  have  the  value, 


In  order  to  judge  of  the  difference  between  observation  and 
calculation,  it  is  preferable  to  compare  the  observed  angles  of 
rotation  directly  instead  of  the  specific  rotations,  from  which  it 
will  be  seen  whether  or  not  the  errors  of  observation  are 
exceeded.  The  calculated  angle  of  rotation  follows  by  equating 
the  last  two  formulas,  as  : 

a    =    ^iMi  +  ^sMa    /   d 
'"  100 

These  deductions  may  be  tested  by  some  experiments  which 
Hammerschmidt1  carried  out  with  aqueous  solutions  contain- 
ing cane-sugar  and  grape-sugar.  The  following  tables  give 
first,  the  observed  data,  and  then  the  calculations,  for  which 
the  interpolation  formulas  of  Tollens  are  used  in  finding  the 
specific  rotations  of  the  two  sugars  : 

1  Hammerschmidt  ;  Loc  cit. 

f 

16 
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Cane-sugar  •• 
Orape-sugar 


,  =  66.386  +  0.015035  p  —  o  0003986  p 
,  =  52  500  +  0.018796  p  —  0.0005168  p* 


Solu'n 
No 

In  100  parts  by  weight 

Specific 
gravity  of 
solution 

Observed  angle 
of  rotation  for 
/  =  i  9992dm 

Specific 
rotation, 

[*]» 

Cane- 

Grape- 

Water 

sugar 

sugar 

f 

d 

am 

Ray  D 

AI 

Aa 

I 

5049 

19.490 

75  46l 

1.09996 

30.14° 

55.830 

2 

9814 

14851 

75335 

I.IOI04 

3181 

58.56 

3 

14.655 

9863 

75482 

I.I0073 

3306 

61  28 

4 

I95I7 

4892 

75591 

I  10054 

3425 

63.78 

5 

19.558 

4855 

75587 

1.10056 

3430 

6385 

Solu'n 
No 

Cane- 
sugar 

100  AI 

A-L+F 

Grape- 
sugar 

TOO  An 

~A^TF 

Caiie- 
sugar 

Mi 
Ray# 

Grape-sugar 

[«]* 
Ray/j 

Calculated 
angle  of 
rotation 
a>« 
RayZ? 

<*»« 
Calc  -Obs 

I 

6.271 

20.526 

66  464°' 

53  I°4° 

3014° 

000° 

2 

II  526 

1  6  467 

66  506 

52950 

3168 

—  013 

3 

16259 

"557 

66525 

52786 

32.91 

—  0.15 

4 

20521 

6078 

66527 

52633 

3423 

—  o  02 

5 

20556 

6035 

66527 

52.632 

342-5 

—  005 

From  the  slight  deviation  of  the  calculated  angle  of  rotation 
from  the  observed  it  follows  that  cane-sugar  and  grape-sugar 
do  not  sensibly  affect  each  other  in  their  rotating  power 

An  agreement  equally  close  is  found  with  aqueous  solutions 
of  mixtures  of  cane-sugar  and  raffinose  (meletriose)  The 
specific  rotation  of  each,  and  especially  of  the  latter,  is  but 
slightly  dependent  on  the  amount  of  water,  and  we  can  take 
as  constants  for  • 


Cane-sugar  ........   \a~\  D  =  + 

Raffinose    .....       [or]  ^  =  + 


66  5 
104  5 


In  such  cases  we  can  employ  in  the  above  mixture  formula 
the  concentrations  ^  and  cz  in  place  of  the  weight  per  cents.  , 
A^  and  A)y  that  is,  we  can  consider  the  number  of  grams  of 
each  substance  dissolved  in  100  cc  of  solution,  from  which, 


c\  -T  ^a  100 

Experiments  by  Creydt1  have  given  the  following  results 

1  Zeit.  Ver  fur  Rubenzucker-Ind  ,  1887.  p  153 
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xoo  cc  solution 
contains 

Angle  of  rotation  [arjw 
for  tube  length  /  =>  2  4m 

Specific  rotation. 

M- 

Cane- 
augar. 
ct 

I6g 
17" 
18" 
19" 

Raf- 
finosc, 
CD 

Observed 
for  D 

Calculated 

Calc  — 
Obs 

Observed 
tor  D 

Calculated 

Calc  — 
Obs. 

4g 
3" 

2" 
I" 

-f  29  6l 
28.92 
28  II 
27.37 

+  29-64 
28.88 
28.12 
27-37 

+  0.03 
—  o  04 

+  0.01 

*    ooo 

+  7402 
72,29 
7028 
6843 

+  74-10 
72.20 
70.30 
6843 

+  0.08 
—  0.09 
+  0.02 
O.OO 

Somewhat  greater  differences  between  observation  and 
calculation  were  obtained  by  Hammerschmidt1  with  mixtures 
of  rf-camphor  and  /-santonin  dissolved  in  chloroform. 

70.  Addition  of  Inactive  Bodies  to  Solutions  of  Active  Substances. — 
According  to  the  nature  of  the  two  substances  mixed,  the 
increase  or  decrease  in  the  rotating  power  noted  depends  on  a 
change  in  the  chemical  equilibrium,  the  degree  of  dissociation, 
or  on  the  formation  of  new  compounds  Most  of  the  investi- 
gations carried  out  in  this  field  deal  with  tartaric  acid  and 
malic  acid,  01  with  different  sugars.  Among  these  the 
following  may  be  considered 

A .    Tartaric  Acid  and  Mahc  Acid. 

a.  Influence  of  Alkali  Salts  on  the  Rotation  of  Tartrates  — A 
series  of  investigations  carried  out  by  I/mg2  relates  to  potas- 
sium sodium  tartrate,  KNaC4H4O6-4HaO,  the  specific  rotation 
of  which  changes  but  little  within  the  limits,  c  =  5  to  45,  and 
which  may  be  given  as  O]a,°  =  22  10.  20  grams  of  Rochelle 
salt  with  5,  10,  15,  or  20  grams  of  different  alkali  salts  were 
dissolved  to  make  100  cc.  of  solution  and  the  variations,  4, 
from  the  value  22. 10  were  determined.  These  were  found  to 
be  partly  positive  and  partly  negative,  and  increased  with 
increased  amounts  of  the  alkali  salts.  In  the  following  table 
the  results  are  given  which  were  found  with  5  and  20  grams 
of  the  salts  (or  with  other  amounts  designated  in  parentheses)  : 

»  Himmewchmidt ;  Lac  cit,,  p.  aa, 

»  Long!  Am.  J.  8cl.  Arts,  [3!,  36,  35*  (1888) 


Increase  in  22.10  by  A 

Decrease  in  22  10  by  A. 

Given  by 

Amount  of  salt 

Given  by 

Amount  of  salt 

5 
grams 

20  grams 

5  grams. 

20  grams. 

KC1  

A 

O.62 
0.62 
O.I9 
0.36 
0.50 
0.38 
0.42 
047 

048 
037 

A 

1-33 
I.OI 

0.85 
1.37 

0.63  (10) 
0.73 

I  02 

I.OO 
0.63  (15) 

0.49  (10) 

Nad  

A 

0.30 
021 
0.38 

043 
0.19 
0.20 

o  24 

0.15 
1.67  (6.75) 

343 

A 

2-35 
I  OO 

1.03 
1.60 
0.52 
1.78 
1.19 
098 
0.28(10) 
141(10) 

KBr  

NaBr  

jjj  

NflNO  

KNO.  

TJa  SO,    

K.SO,  

Na2HPO4+  I2aq 
NaH2PO2  +  aq.. 
Na2S2Os  +  saq.. 
NaC2HsO2  +  3  aq 
Na2B4O7  -f  10  aq 
Na  WO    

KSCN  

KC2H8O2  

K2C.A  +  aq.... 
NH4C1  

HHjBr  

IvlCl  

TlaSO4  

NH4SCN  

(NH4)2C204  +  aq 

o  41 

The  specific  rotation  of  potassium  sodium  tartrate  is  accord- 
ingly increased,  in  the  concentrations  employed,  by  addition 
of  potassium  or  ammonium  salts,  while,  on  the  other  hand, 
sodium  salts,  lithium  chloride,  and  thallium  sulphate  cause  a 
decrease.  The  reason  for  these  opposite  actions  is  not  clear, 
and  no  investigations  have  been  made  to  show  whether  or  not 
they  hold  good  in  dilute  solutions  The  strongest  effect  is 
found  with  thallium  sulphate. 

Neutral  potassium  tartrate x  also,  as  shown  by  Schtitt,1 
exhibits  a  slight  increase  in  specific  rotation  by  addition  of 
potassium  chloride,  and  a  decrease  with  sodium  chloride.  The 
following  mixtures  were  made  and  the  polarization,  pt  found 
in  a  2-dm.  tube  with  a  half -shadow  instrument  having  the 
Ventzke  sugar  scale.  From  these  values  the  specific  rotations 
[oc\D  were  calculated:2 


1  Schutt  Ber  d  chem  Ges.,  ai,  2586. 

>  On  the  assumption  that  x°  Ventzke  (ray./) 


••  o  346  angular  degree  (ray  £>). 
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In  100  cc  solution. 

P 

Dlff 

[«U 

DUST. 

40  gm.  tartrate  rf-  8  gm.  KC1.  .  . 
40   "        "           

66.8 

fie  ft 

1.0 

2889 

2£  >IA 

043 

40  "       "       +  8gm.  NaCl... 

62.8 

3-0 

27.16 

1.30 

30  gm.  tartrate  -f  14  gm   KC1  •  • 
30  "        "           

49-9 

ylfi  1 

1.2 

28.78 

oft  nft 

070 

30  "        "        +  i4gm.NaCl.. 

4O.7 

i    44-7 

4.0 

25.78 

2.30 

20  gm.  tartrate  +  22  gm    KC1.  . 

20     "           "               

333 

IT  R 

i-5 

28.80 

I  29 

20  "        "         +  22  gm  NaCl.. 

31.0 

27.5 

4.3 

27.51 
23-79 

3-72 

lo  gm.  tartrate  +  25  gm   KC1-. 
10  "        "            

16.7 

TC  fi 

I.I 

28.89 

1.90 

10   "        "         +25gm.NaCl  . 

15.0 

13  2 

24 

20  99 

22  84 

4.15 

The  effect  varies  with  the  proportions  in  which  the  substances 
are  mixed.  On  this  difference  m  behavior  of  potassium 
chloride  and  sodium  chloride  Schutt  has  based  a  method  for 
the  quantitative  analysis  of  a  mixture  of  the  two  salts.  See 
PartV. 

A  slight  decrease  m  the  rotation  of  sodium  tartrate  by 
addition  of  sodium  nitrate  was  observed  by  Th  Thomsen.1 

The  specific  rotation  of  tartar  emetic  (K.SbO.C4H4O6£H2O) 
for  c  =  5,  [ar]ao=:-f  141.27,  was  found  by  Long9  to  be 
diminished  by  addition  of  potassium,  sodium  and  ammonium 
salts,  and  m  greater  degree,  the  more  of  the  salts  are  present. 
The  decrease  by  KC1,  KBr,  KN08,  NaCl,  NaNO8>  NH4C1,  and 
NH4NOais  slight,  while  for  sodium  acetate,  sodium  phosphate, 
and  sodium  carbonate  it  is  considerable,  when  these  salts  are 
added  in  amount  insufficient  to  produce  a  precipitate.  Thus, 
10  grams  of  sodium  acetate  reduce  the  specific  rotation  given 
above  to  123.59,  and  small  amounts  of  sodium  carbonate  to 
55.8  even.  According  to  Long,  the  action  of  these  salts 
depends  on  this,  that  the  antimonyl-potassium  tartrate  is 
partly  decomposed  into  alkali  tartrates  and  compounds  contain- 
ing SbO  and  K  with  acetic,  phosphoric,  and  carbonic  acids. 

i  Thomsen  \  j.  prakt.  Chepi ,  [3],  34, 83. 

«  Long :  Am,  J.  Sci.  Arts,  [3],  3».  a$4 !  <*<>•  375. 
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b  Influence  of  Boric  Add  on  the  Rotation  of  Tartaric.  Acid. — 
The  marked  increase  in  activity  which  is  found  here  was 
observed  first  by  Biot1  in  1837  and  later  made  the  subject  of 
lengthy  investigations.2  In  order  to  follow  the  changes  which 
occur  where  water  and  boric  acid  are  both  added,  he  showed 
first  that  the  rotation  of  the  tartaric  acid  is  increased  by  each 
one  of  these  bodies  taken  alone  ;  that  is,  first,  by  melting  the 
tartaric  acid  with  increasing  amounts  of  boric  acid  to  form 
glass-like  masses,  and  secondly,  by  dissolving  the  acid  in 
increasing  quantities  of  water.  If  now  an  aqueous  solution  of 
tartaric  acid  be  treated  with  boric  acid,  the  observed  specific 
rotation  depends  on  these  two  conditions  : 

i  On  the  relation  of  the  tartaric  acid  to  the  boric  acid. 
The  latter  increases  the  rotation,  as  borotartaric  acid  is 
formed,  and  this  has  a  greater  rotating  power. 8  If  the  relation 
of  tartaric  acid  to  water  is  maintained  constant,  the  increase 
which  the  specific  rotation  of  tartaric  acid  experiences  by 
addition  of  varying  amounts  of  boric  acid,  ft,  may  be  expressed 
by  the  formula 

M=^  +  7TJ. 

in  which  the  constants,  A,  B,  C,  are  to  be  found  by  a  series  of 
observations 

2.  On  the  amount  of  water  On  the  one  hand,  this  acts  to 
increase  the  rotation  of  the  tartaric  acid,  but  on  the  other,  it 
causes  hydrolytic  decomposition  of  the  borotartaric  acid,  and 
in  consequence,  a  decrease  in  the  rotating  power.  Experi- 
ments showed  that  as  long  as  the  mixture  contained  for  i  part 
of  tartaric  acid  less  than  0.088  part  of  boric  acid,  the  rotation  is 
increased  by  gradual  increase  in  the  amount  of  water.  If  the 
relation  between  tartaric  acid  and  boric  acid  is  exactly 
r  :  0.088,  the  specific  rotation  remains  the  same  for  all 
dilutions,  because  then,  through  the  increasing  hydrolysis 
of  the  borotartaric  acid,  the  activity  is  decreased  in  the  same 
degree  in  which  it  would  be  increased  by  the  influence  of  the 

1  Biot-  Mem  de  1'Acad  ,  16,  229 

*  Biot:  Ann  chim  phys  ,  [3],  n,  82(1844)  ,  39,  341,  430  (1850)  ,  59,  229  (1860). 

8  Mono-  or  diboryltartanc  acid  Not  stable  in  solid  condition.  (Duve  Jahres- 
tiencht,  1869,  p  540 )  Dubrunfaut,  Compt  rend .  49, 112,  assumes  the  formation  of 
the  compound,  HSBO8  +  aC^HgOo 
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dded  water  on  the  tartaric  acid.  Finally,  if  the  -mixture 
•ontains,  for  i  part  of  tartaric  acid,  more  than  0.088  part  of 
>oric  acid,  then  the  first  action  is  the  stronger  and  the  rotation 
alls  by  increasing  addition  of  water.  In  general,  in  these 
•ases,  the  changes  may  be  expressed  by  the  formula 
'a]  =  A  +  Bq,  in  which  q  represents  the  amount  of  water 
n  100  parts  by  weight  of  the  mixture  If  all  three  com- 
>onents  are  varied,  a  maximum  rotation  is  found  for  definite 
veight  relations.  The  papers  of  Biot  contain  a  large  amount 
>f  numerical  data,  which  are  based  on  red  light  with  a  wave- 
ength  of  about  635  pp. 

With  reference  to  the  D  ray,  for  which  but  few  investiga- 
lons  have  been  made,  the  extent  of  the  influence  of  boric 
icid  on  the  specific  rotation  of  tartaric  acid  may  be  seen  from 
he  following  numbers  (Koch):1 


In  100  cc  of  solution 

Mol  relation. 

\_<X\  o  of  the  tartanc  acid 

Tartaric  acid 
Grams 

Boric  acid 
Grams 

Tartaric 
acid 

Bone 
acid 

With 
boric  acid 

Without 
bone  acid 

32  13 

332 

4 

I 

-f  29  80° 

+  10.86° 

29  II 

2451 
1663 

401 
506 
687 

3 
2 
I 

I 
I 
I 

34.09 
39.58 
4344 

ii  25 
II  85 
1288 

By  determining  the  electrical  conductivity  of  a  large  num- 
ber of  different  mixtures  of  tartanc  acid,  boric  acid,  and  water, 
\lagnanmi2  also  was  able  to  prove  the  existence  of  a  boro- 
artaric  acid  compound,  which  conducts  well,  and  the  electro- 
ytic  dissociation  of  the  same  by  increasing  addition  of  water 

On  the  rotation  of  the  alkali  boryl  tartrates  see  §  61. 

Magnanim  found  that  other  oxy-acids  also  experience  an 
increase  m  conductivity  by  addition  of  boric  acid ;  thus,  lactic 
icid,  glycenc  acid,  oxy butyric  acid,  and  malic  acid  *  An 
increase  m  optical  activity  might  be  expected  therefore  with 
these,  which,  with  reference  to  malic  acid,  was  already  pointed 
out  by  Pasteur.* 

i  P.  Koch-  "Einwlrkung  weinsaurer  Verbindungen  auf  polansirtes  I^icht" 
Inaug.-Diss,,  Ttibingen  1869. 

*  Magnaninl:  Zeit.  phys.  Chem ,  6,  67;  Gazz  chitn  ital ,  ao,  453;  ««»  H,  134 
»  Magnanini :  Gazz.  chim.  ital.,  at,  II,  315.    Ber.  d.  chem,  Ges.,  a*,  III,  894 

*  Pasteur:  Ann.  chim.  phys.,  [3],  89,  243  , 
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c.  Action  of  Molybdates  and  Tungstates  on  Tartaric  Add. — 
On  this  question  extended  investigations  have  been  carried  out 
by  Gernez  which  cover  the  following  salts  : 

Sodium molybdate Na2MoO4  +  2  Aq,  Compt.  rend.,  104,  783. 


Lithium  molybdate.  • . . 
Magnesium  molybdate  • 
Ammonium  molybdate  • 
Potassium  tungstate... 
Sodium  tungstate 


L,i2MoO4,  Compt  rend.,  108, 942. 
MgMo04,  Compt.  rend.,  108,  942. 
(NH4)6MoT024  +  4  Aq,  Compt.  rend.,  105,  803. 
KjjWO4,  Compt  rend.,  106, 1529. 
Na2WO4  -f  2  Aq,  Compt.  rend  ,  106,  1527. 

In  these  investigations,  solutions  were  employed  which  con- 
tained always  in  100  cc.,  2  5  grams  of  tartaric  acid  and  increas- 
ing amounts  of  the  salts,  added  in  molecular  proportions  to  the 
tartaric  acid.  Gernez  reports  only  the  angles  of  rotation  found 
in  a  tube  i  057  dm  in  length.  The  following  table  contains 
the  complete  numerical  data  for  ammonium  molybdate,  and  in 
the  last  column,  the  specific  rotations  (calculated  by  Dr. 
Berndt) ,  which  correspond  to  the  tartaric  acid  in  the  different 
solutions 

AMMONIUM  MOLYBDATE. 


Mol  of  bait 
to  i  mol  of 
tartanc  acid 
in  1/]»s  mol 

Grams  of  salt  to 
2  5  grams  of 
tartanc  acid 

tf$for 
/  =  i  057  dm 

M5? 

0 

0  OOO 

0°      2l' 

+    132° 

I 

o  161 

I             2 

390 

2 

0.322 

,     I      41 

636 

3 

0.482 

2          21 

889 

4 

0.644 

2       57 

112 

6 

0965 

4         5 

154 

8 

1.288 

5         3 

191 

12 

1931 

6       52 

260 

16 

2-575 

8       49 

334 

24 

3863 

13          22 

506 

32=X/4 

5  ISO 

17          38 

667 

40 

6.438 

19          50 

750 

4266  =  V3 

6.866 

20      39* 

781* 

48 

7.725 

20          36 

780 

56 

9013 

ao       35 

779 

64  =  Y* 

'   10  300 

19       47 

749 

96 

I54SO 

17       28 

661 

128  =  i 

20.600 

16       44 

633 

192  =  iv, 

.  — 

30.900 

**       33 

626 
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For  the  other  salts  Dr.  Berndt  has  calculated  ttie  following 
specific  rotations  of  tartaric  acid  from  the  data  of  Gernez: 


Added  salt  in 
1/12  mol  for  each 
mol  of 
tartaric  acid. 

Tvragstate  of 

Molybdate  of 

Potassium 

MS 

Sodium, 

MS 

Sodium. 

M3 

Lithium. 

MS 

Magnesium. 

M* 

o 

14.0° 

14.0° 

13.2° 

14.0° 

14.0'° 

Va  =  V2imol 

28.4 

27.6 

31.4 

25.3 

234 

i  =  V»    " 

41  6 

4°.s 

51.1 

38.6 

33.3 

2  =  V6     " 

693 

656 

897 

62.4 

533 

3  =  Vi     " 

95-4 

91.6 

128 

877 

72.2 

4  =  Vs     " 

119 

117 

167 

112 

915 

5 

>43 

141 

206 

137 

no 

6  =  V,     " 

169 

164 

243 

162 

129 

7 

196 

185 

288 

186 

149 

8 

223 

207 

334 

209 

169 

9 

252 

228 

383 

235 

189 

10 

281 

247 

435 

255 

209 

ii 

308 

264 

479 

277 

229 

12  =  1         " 

327* 

277* 

517* 

299 

248 

13 

3i8 

271 

330 

272 

14 

. 

513 

358 

294 

15 

270 

2*1 

512 

383 

3i8 

16 

.. 

413 

343 

17 

• 

438 

368 

18 

241 

222 

505 

462 

394 

21 

210 

483 

463 

24  =  2         " 

211 

199 

498 

484* 

523* 

36  =  3       " 

170 

482 

468 

5°9 

48  =  4       " 

154 

473 

457 

495 

60-5    " 

• 

140 

455 

45° 

478 

It  is  seen,  therefore,  that  the  specific  rotation  of  tartaric 
acid  increases  on  addition  of  increasing  amounts  of  the  salts  to 
a  maximum,  after  which  a  decrease  follows  which  is  marked 
with  the  tungstates,  but  slight  with  the  molybdates.  These 
maximum  points  correspond  to  definite  molecular  proportions 
between  the  tartaric  acid  and  the  salts,  and  in  fact  to 
«0B 


I  (NHt),Mo,Oit  +  4  aq 

i  KjWO* 

i  Na2W04  +  2  aq 

1  NanMoOj.  ~f*  2  aq     / 

2  MgMo04 


The  remarkably  great  increase  in  the  specific  rotation  of 
tartaric  acid,  which,  for  example,  with  ammonium  molybdate 
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reaches  a  value  sixty  times  the  original,  may  be,  without  doubt, 
ascribed  to  the  formation  of  complex  acids.  Rosenheim1  has 
already  shown  that  tungstic,  molybdic,  and  vanadic  acids  form 
such  compounds  with  oxalic  acid. 

d.  Action  of  Molybdates  and  Tungstates  on  Ordinary  Malic 
Add  — Investigations  on  this  point  are  also  due  to  Gernez. 
They  deal  first  with  the  behavior  of 

Ammonium  molybdate. ..  (NH4)6Mo7OM  -\-  4Aq,  Compt.  rend.,  109,  151. 
Sodium  molybdate NajMoO^  -f-  2  Aq,  Compt  rend.,  109,  769. 

In  each  case  11166  grams  of  malic  acid  were  dissolved  with 
increasing  amounts  of  the  salts,  P,  to  make  12  cc.,  and  the 
angle  of  rotation,  <XD,  was  found  in  a  tube  1.057  d-m  long  at  a 
temperature  of  17°.  The  following  table  does  not  give  all  the 
solutions  tested  by  Gernez,  but  only  those  with  the  numbers 
added  ;  in  the  fourth  column  the  specific  rotations  of  the  malic 
acid,  calculated  by  Dr  Berndt,  are  given 


Ammonium  molybdate 

Sodium  molybdate 

<ta  H 

Grams 
salt 
P 

ay,. 

MZ. 

Z 

•sl 

II 

tfl 

Grams 
salt 
P 

i 

WJ 

Z 

I 

O  OOO 

-    0  2OU 

—       2.0° 

I 

0000 

-     O  20° 

-       20° 

2 

0013 

-  0.40 

—       4.1 

3 

0.084 

-     1.  12 

-     II.4 

4 

0.054 

-097 

—       9.9 

5 

0.336 

-372 

-378 

5 

o  107 

-   1.70 

—     17.3 

6 

0.504 

-548 

-   55-7 

6 

o  191 

-    275 

—     280 

7 

0.672 

-725 

-    73-7 

8 

o  282 

-382 

—    38.8 

9 

i.ooS6 

-907 

-   92.1 

M, 

10 

0429 

-  4-95 

—    503 

10 

1.176 

-     5-20 

-   52-9 

i 

14 

0572* 

-532 

—   541 

Ml 

it 

1344 

-     I  S2 

-    15  5 

16 

0.644 

-   4-93 

—   501 

12 

-     302 

+  30.7 

JR\ 

18 

0.736 

-417 

—   424 

14 

1.848 

_ 

hll  03 

+  112  2 

20 

0.792 

-340 

—   34-6 

15 

2.0I77 

+  1402 

4 

h  142  5 

M 

22 

0936 

-     I.OO 

—     10.2 

17 

2.353 

+    868 

H-    88.2 

3 

23 
24 

0966 

i.oso8 

—   0.42 

+  0.83 

-       4-3 

+     8.4 

R 

19 
2O 

2.689 
2857 

+    2.62 
+    0.32 

H-  26.6 

+       3.3 

26 

1.144 

+  3.23 

+    32.8 

21 

3.025" 

-    0.83 

-      8.4 

JR. 

28 

1.288 

-   7.20 

+    73-2 

24 

3.529 

-    1-55 

-    15-8 

29 

1395, 

-1035 

+  105.3 

26 

3.865 

-     I.OO 

-     10.2 

32 

1.717* 

-  20  92 

+  212  7 

27 

4-03310 

-   0,50 

-     5-1 

36 

2.146 

-  36  22 

+  3682 

28 

4.201 

O.OO 

0.0 

JR, 

40 

2.S755 

-  52-47 

+  5335 

3° 

4.538 

-   0.87 

h     8.8 

•*V8 

$ 

3863 
5.  ISO6 

-f-  72.00 
+  72.80 

+  7319 
+  7401 

Mz 

P 

5.042 
5.546 

-    2.27 
-  3.95 

-    19-3 

-     4O  2 

48 

6.008 

+  72.33 

+  7353 

39 

7.058 

h    7.17 

-    72.Q 

49    &43»   H 

-  72  oo    -f  731.9 

41    8067" 

-  10.25 

+  104.2 

Rosenheim    Ztschr  anorg  Chem  ,  4,  352 ,  Her  d  chem.  Ges  ,  36,  II,  1191. 
a  Equals  i/18  mol  •  Equals  Va  »ol  »  Equals  i  75  tools. 

«  Equals  i/10  mol.  r  Equals  i  mol  10  Equals  3  mols. 

*  Equals  */„  mol  s  Equals  1 5  mols.  "  Equals  4  mols, 

5  Equals  1/4  mol 
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From  the  above,  it  is  evident  t&at  the  relations'1  are  much 
more  complicated  than  with  tartaric  acid,  inasmuch  as  shown 
by  the  letters  under  Z,  not  only  are  there  points  of  maximum 
rotation  (M)  but  points  of  change  in  the  direction  of  rotation 
Dr  reversal  R  •  increasing  amounts  of  ammonium,  molybdate 
:ause  at  first  an  increase  in  the  original  levorotation  which 
grows  to  a  maximum,  then  decreases,  and  finally  changes  to 
iextrorotation  which  increases  very  rapidly,  but  at  last  falls 
a  little.  With  sodium  molybdate  there  are  found  three 
inactive  concentrations  and  three  points  of  maximum  rotation 
of  which  two  are  on  the  side  of  levorotation,  and  one  on  that 
of  dextrorotation.  The  curve  expressing  these  changes  would 
have  a  zigzag  form.  Finally,  it  may  be  remarked  that  the 
characteristic  points,  M  and  R,  frequently  correspond  to  con- 
centrations at  which  there  is  a  definite  molecular  relation 
between  the  malic  acid  and  added  salts. 

Further  investigations  of  Gernez  are  concerned  with  the 
action  of  the  following  salts  on  the  rotation  of  malic  acid 

Potassium  tungstate K2WO4  \_        .         ,  , 

o  j        ^        4.  «.  XT    iTrA  f  Compt  rend  ,  no,  1365. 

Sodium  tungstate  Na2WO4  >         r  '  °  ° 

Lithium  molybdate      I^inMoO-  1  ^        .         j 

Magnesium  molybdate MgMoO4 }  C°mpt  ^  '  "0)  ™ 

Sodium  potassium  molybdate  .  K2NaiMosO12  +  14  Aq  i  Compt      rend  , 

Acid  sodium  molybdate Na6Mo7024  +  22  Aq     ]     1 1 1,  792 

Potassium  phosphomolybdate.  K8P,Mo50,,i  ^ 

Sodium  phosphomolybdate     . .  NajP^MogOjiB  +  14  Aq  t  Compt      rend  , 

Ammonium  phosphomolybdate  (NH, )  P  Mo.O  8          J      Iia>  22*> 

The  relations  appearing  here,  are,  in  general,  similar  to  those 
found  with  sodium  and  ammonium  molybdates. 

B    Sugars. 

a.  Changes  in  the  Rotation  of  Cane-Sugar  by  Alkalies  and 
Salts. — As  a  great  many  investigations,  carried  out  largely 
with  reference  to  saccharimetry  have  shown,  the  following 
bodies  all  cause  a  decrease  in  the  rotation : 

Hydroxides  of  the  alkali  and  alkali-earth  metals. 

Chlorides,  nitrates,    sulphates,  carbonates,  phosphates,  acetates  and 

citrates'  of  the  alkali  metals. 
Borax, 

Magnesium  sulphate, 
Chlorides  of  the  alkali-earth  metals.  * 
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The  action  of  these  substances  increases  with  increased 
addition  of  the  same,  and  so  as  to  reduce  the  specific  rotation 
of  cane-sugar  from  +  66.7°  to  about  60  V 

On  the  behavior  of  the  chlorides  of  the  alkali  and  alkali- 
earth  metals,  the  extended  experiments  of  Farnsteiner*  have 
given  the  following  specific  rotations  [«]/, : 


i  Part  of  C( 

3 

Without  salt 

66.60° 

KC1    
Nad  

1.083 

Inn  A 

63'55 

62  At 

I^id  

I  Oo8 

U-i.q./ 

fir  e*j 

01O7 

BaCl2  
SrClo  

I  030 
I  Oo6 

65.95 
64  12 

CaCl2    

O  Qofi 

67  et 

MeCL  

u.yyo 

va<5* 

Part*  of  water. 


1 

10 

66.67° 

66.75 

64-55 
63,80 
63.i8 

•• 

66.  10 
65.00 
64.42 
63.70 

66.35 
65-85 

65-30 

The  effect  of  the  salts  becomes  weaker  with  increased  dilution. 
It  is  further  evident  that  the  decrease  in  rotation  brought 
about  by  nearly  equal  weights  of  salts  is  greater,  the  lower 
the  molecular  weight  of  the  chloride, 

Borax,  like  the  other  alkali  salts,  causes  a  decrease  in  the 
specific  rotation  of  cane-sugar.  Miintz"  found  the  following 
values  when  he  examined  solutions  obtained  by  mixing  10 
grams  of  cane-sugar  in  100  cc.  with  increasing  weights  of 
borax : 

Borax  =   o      0.5       i       a        3        45       7.5£«ima 
|>]0-=66.7    65.9    65.0    63.5    62.5    61,6    6i,t    60.5° 

The  effect  of  increased  addition  of  salts  has  been  followed  in 
most  cases  only  to  a  low  limit,  More  extended  investigations 
have  been  carried  out  by  Farnsteiner4  with  reference  to  cal- 

i  A  complete  compilation,  of  observations  is  found  in  Wppamnn'i  »Ch«mi«  d*r 
Zuckerarten."  -•»«*««  ««* 

*  Farnsteiner.  Her  d  chem.  Ges  ,  33,  II,  3570. 
s  Muntz  •  Ztsohr.  Rttbenzuker-Ind.,  36,  735. 
•*  Farnsteiner    Ber.  d.  chem.  Ges.,  33, 3379. 
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:ium  chloride,  and  these  ha^e  shown  that'  following*  the  first 
observed  decrease  in  the  rotation,  an  increase  later  appears, 
when  the  salt  addition  passes  a  certain  limit.  To  a  solution 
jf  i  part  of  sugar  in  8.643  parts  of  water,  the  following 
imounts  of  calcium  chloride  were  added : 


No.  of  the  sol, 

I 

2 

3 

4 

5 

"^aCl8  

Q 

O  Q'iS 

I  7IQ 

2.7« 

2.998  parts 

r//i  17  s  

£.£.   -, 

6l  AI 

L"  J  D  

00.74 

05.41 

64.50 

03.50 

UO'4A 

No  of  the  sol 

6 

7 

8 

9 

10 

CaCl2  

36/l6 

4  TOC 

Sicfi 

5.676 

5.987  parts 

r/y"|  «7  S  

£c  (if. 

fifi  7? 

67  88 

63.23* 

63  45 

OO.35 

The  minimum  (*)  of  rotation  is  found  with  solution  No.  6. 
In  solution  No.  10  the  sugar  shows  a  stronger  specific  rotation 
than  it  does  without  addition  of  salt. 

It  has  been  observed  with  ammonia  also  that  in  its  concen- 
trated solutions  (16  to  24  per  cent.  NHS)  it  occasions  an 
increase  m  the  rotation  of  sugar,  while  in  dilute  solution  it 
produces  a  very  small,  or  possibly  even  no,  decrease  (Ost)  * 

b    Dextrose  and  Calcium  Chloride.— It  has  been  observed 
here  that  the  rotation  is  increased  by  addition  of  the  salt 
Rimbach'  found  the  following  values  for  [>]/> : 


Strength 
of  the 
CaCln  solution 
used 
Per  cent. 

Dextrose  in  zoo  parts  by  weight  of  the 
whole  solution 

3° 

20 

10 

5 

O  OO 
IO.O2 
19.94 

550° 
55-6 
60.7 

554° 
55-5 
605 

55-8° 
54-8 
60.  1 

56.I0 

54-9 
604 

With  the  5  and  10  per  cent,  dextrose  solutions  a  slight 
decrease  in  the  rotations  is  at  first  observed. 

c.  Action  of  Borax  on  Bodies  of  the  Manmtol  Group.— White, 
as  remarked  above,  the  effect  of  borax  is  to  decrease  the  rota- 

i  Ost  t  Neue  Ztschr,  fur  Rttbenzucker-Ind.,  9,  41. 
»  Rimbach:  Ztschr.  pbys.  Chem,,  9, 707- 
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tion  of  cane-sugar,  it  produces  an  increase  of  rotation  in  the 
alcohols  of  the  glucose  group.  The  phenomenon  wa»  finti 
observed  by  Viguon  with  maunitol,  and  later  1C.  Fischer  found 
the  same  behavior  in  the  peiititols,  hcxitofa,  etc.,  discovered 
by  him.  Many  of  these  bodies,  which  from  their  tHnwlitutiott 
should  be  active  and  which  are  not  racemes,  xhtiw  in  pure 
aqueous  solution  either  no  rotation  or  a  very  small  twe,  litit 
this  may  be  developed  by  addition  of  lx»rax  to  the  mlntum. 
The  extent  of  the  rotation  caused  in  this  way  may  IK?  *mt 
from  the  table  below,  the  specific  rotations  luring  cnlculntett  in 
most  cases  from  the  data  in  the  original  papers: 


Without 
borax  . 

With  UM«* 
In  imt  cc  H<>IHU«»H 

' 

M- 

llItM-liri 

8ugnr. 

Umax.       {/*],', 

0 

o[-.oa5]» 

10.38 
10 

7-3* 

13.H 

4.K 

1  'iHt'htr** 

Vl|<»U»|* 

d-       "       

3 

7-4 

i  a8.^ 

l;whi  r 

rf-Sorbitol  

o[-a.o4]« 

3 
9.06 

74 
7-3 

i     1-5 

v,  I.ijmfitnfut* 

d-       "      

•« 

9.06 

7-3 

t     1.4 

\  l*"iM'i>ctr  iiini 

/-       " 

« 

9.06 

7.1 

1,4 

I      "     StMhrl* 

rf-Talitol  

i  2.3 

10 

/       V 

7-3 

5-5 

..     .     „, 

a-Maimolieptitol  •» 
(Perseit)         /" 

—  i.aa" 

8 

7-3 

-     4-H 

i  }  l*'i»«*h«*r  nnt! 

a-Ghicooctitol  

-1-  2  O 

Yf  \ 

i       t  UMHtiifr 

'0-Methylgalactoside 

O 

10.53 

10 

I() 

10 

i      3.6 

1         I.      i> 

In  ordinary  rf-manuitol  dissolved  in  water  Vignon,"  Mnntx 
and  Aubin^and  others  could  find  no  activity,  but  Bmu-hardnt,11 

i  Bouchardat  :  Compt.  rend,  So,  lao:  JfthrcHlicrlchl,  (187*1,  u  MS 
a  Geruez  .  Cotupt  rend.,  n3,  1031, 
«  Gernez    Ibid,,  114,  480. 


"°'  cl"m- 

v.  Uppmann  s  /Md.,  35,  3230. 

Fischer  and  Stahel  .  Ibid.,  94,  9144. 

Fischer    /torf.,  97,  1538. 

Fischer  and  Passmore  •  tbid.,  33,  3333. 

Fischer  :  Ann.  Chetn.  (Webig),  370,  go. 

Fischer  •  Ber.  d.  chem  Ges.,  a8,  IMS 

Vignoti.  Z.oc.  «V. 

Miintz  and  Aubtn  ,  Ann.  chim.  phy».r  [3],  »0,  533l 

Bouchardat  :  Compt,  rend,,  80,  iao. 
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the  other  hand,  with  a  tube  three  meters  in  length  filled 
th  a  solution  of  c  =  15,  found  by  aid  of  >a  half -shadow 
paratus  and  sodijam  light  a  rotation  acD  =  —  i°  8',  from 
nch  \a\D  s=  —  0.25°.  Under  similar  conditions  it  is  likely 
it  rotating  power  would  be  found  in  solutions  of  other  bodies 
the  mannitol  group. 

The  chemical  action  of  borax  on  the  compounds  of  the 
innitol  group  does  not  consist  in  the  formation  of  simple 
dition  products.  It  is  known  that  not  only  these  varieties 
sugars  but  also  the  glucoses,  as  grape-sugar,  galactose, 
ictose,  and  even  glycol  and  glycerol  on  addition  of  borax, 
uch  in  itself  has  an  alkaline  reaction,  yield  strongly  acid 
utions  and  this  is  also  the  case  when  sodium  bicarbonate 
ut  not  the  mono-carbonate)  is  likewise  present  (Dunstan,1 
em,2  Lambert,3  Donath/  Jehn)  6 

It  appears  that,  as  with  the  oxyacids  (tartanc  acid),  bodies 
acid  character  containing  boron  are  formed,  which,  in  con- 
luence  of  the  reaction  of  two  hydroxyl  groups  on  one  mole- 
le  of  boric  acid,  contain  the  cyclic  complex 

C— O, 

|         >B— O— H  (van't  Hoff)  6 

C— (X 

If  free  boric  acid  is  added  to  mannitol  the  two  unite  in  the 
oportion  of  3  molecules  of  acid  to  i  of  mannitol,  as  Mag- 
nini7  found  by  observations  on  the  electric  conductivity  of 
air  solutions 

The  sugars,  which  from  their  constitution  should  be  inactive, 
not  become  active  by  addition  of  borax,  which  has  been 
own  for  dulcitol  (Crossley),8  xyhtol  (Fischer),9  adomtol 
^isclier),10  and  ff-glucoheptitol  (Fischer)  " 
Other  bodies  also  besides  borax  have  the  power  to  call  out 
e  activity  of  maunitol.  Thus,  right  rotation  is  produced  by 

i  Dunstan   Bei.  d.  chem  Ges ,  16,  2504  Ref 

a  Klein<  Compt.  rend  ,  99,  144;  Bull  Soc  Chim  [a],  39, 198,  357,    It  is  said  that  the 

ium  salt,  (C0HieOB)aBaO  2BaO8,  can  be  made 

D  Lambert  Compt  rend,,  108. 1016 

*  Donath-  Chem.  Ztg.,  17,  1826. 

*  Jehn:  Arch.  Pharm  ,  35,  250,  a6,  495 

0  van't  Hoff:  I«agerung  der  Atome  in  Raume,  2nd  ed.,  p.  113 

1  Magnanini  Ztschr.  phys  Chem ,  6,  66, 

*  Crossley:  Ber.  d.  chem,  Ges.,  35,  3564, 
o  Fischer;  Ibid,,  34,  528. 

ID  Fischer;  Ibid,,  36,  634.  * 

11  Fischer;  Ann.  Chem.  (I/Lebig),  370,  8x.         ? 
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arsenic  acid,  neutral  sodium  arsenat?  {Vi^tum},1  titng*tatr» 
(Klein),2    Left  rotation  is  produced  by  alkalies,  alkali  c»rl*w 
ates,  acid  sodium  arsenate  and  alkali-earths  ( 

d.  Action  of  Acid  Sodium   and  Amm^ninttt  J 
Mannitol)   Sorbitol^   tv-Jfantw/ifff/ifo/  (/*m*vY)  and 
(Isodukitol}*-  The  three  sugars  named  firnt,  which  in 
aqueous  solution  possess  a  slight  rotation  to  the  loft,  ore  H*«I 
influenced  by  neutral  molyhdittes;  on  the  other   hnwl 
molybdic  acid  and  its  acid  salts  product,*  in  tht-ne 
strong  dextrorotation,     Oernex  added  tin*  nutlylxlntcH. 

Na.MoA,   I   aaH/)  and  (NHJ.McsO,,  -t  4H.O. 
in  increasing  amounts  ( A  to  above  3*  of  tht.*  nuiltri'iilnr  \ 
to  i  raol.  of  sugar)  and  found  that  the  right  rotation  incrctiM  H  t«« 
a  maximum  and  then  decreases,  The  largest  values  fi»r  m.tit  11 » t*»J 
sorbitol  and  mmmoheptitol,  were  found  when  tht  sttlutnttt-* 
contained  for  one  molecule  of  these  IxKlivs  Hj74*       0,28  mule 
cule  of  the  sodium  or  ammonium  molyUdate,    The  fuIU*utit»: 
specific  rotations  are  calculated  from  the  data  of  (form*/,* 


Rt.tntiou 

Mttn|ju«m 

„,.«!...., 

btignr 
in  100  cc. 
solution. 

Temp, 

of  thr  pure 
(MitietniH 
wuution. 

With  y/  m»»l 

N»  KM  It 

•Hit  «l«Mr.| 

rf-Mannitol 

3.160 

17° 

aa6. 

*  43-1  9 

'     '1,1    1*1 

rf-Sorbitol  .  . 

6.548 

17 

3,04 

<   4I,J<7 

flf-Perseil  .  .  . 

7.3614 

IS 

1.33 

•  4H-77 

•  4*.»* 

The  behavior  of  rhamnose  is  somewhat  different.*  Thin 
body  shows  immediately  after  solution  in  water  ft  rotation  i»* 
the  left,  then  after  some  hours  a  constant  right  rotation  which 
has,  for  c=  6.319,  the  value  [«]ff  -  +  9,75°.  Thii  !HM  11% 
increased  by  addition  of  sodium  or  ammonium  molybdftte  unlit 
the  salt  added  amounts  to  «,$«  molecule  for  each  molecule  of 
rhamnose,  and  then  remains  unchanged  with  further  addition 

i  Vignon;  Ann.  chlm.  phy«.,  fa],  a,  433- 
a  Kleiu;  Compt.  rend.,  89,  484. 


•  "  ' 


»  Gernez:  Rhamnose,  Compt,  rend.,  up,  63, 


MUI/TIRQTATIQN 

Df    the    salts.    The  observed   constant   maximum    rotation 

imounts  to 

is  =  -f  22,95°,  f°r  ti16  sodium  salt, 
J?  —  +  19,91°,  for  the  ammonium  salt 

A  satisfactory  explanation  for  the  occurrence  of  the  number 
*££  is  wanting.  Possibly,  as  with  borax,  the  molybdenum 
mters  the  sugar  molecule. 

F.  Mult irotat ion. 

With  a  number  of  active  substances  the  phenomenon  is 
>bserved  that  the  rotating  power  of  a  freshly  prepared  solution 
Changes  on  standing,  undergoing  either  an  increase  or  decrease 
intil  finally  a  constant  value  is  reached  This  behavior  is 
shown  by 

i .  A  number  of  the  sugars. 

2  Certain  oxy-salts  and  their  lactones. 

3  A  few  other  substances 

/   Mnlhrotatwn  of  the  Sugars 

71.  Preliminary  Remarks. — In  1846  Dubrunfaut1  made  the 
ibseivation  that  the  rotation  of  an  aqueous  grape  sugar  solu- 
1011,  prepared  at  the  ordinary  temperature,  decreased  to  a  cer- 
ain  limit  on  standing  The  same  behavior  was  noted  in  1850 
>y  Pasteur  in  a  grape-sugar-sodium  chloride  solution,  and  this 
liennst  established  the  fact  that  the  beginning  rotation  is 
bout  twice  as  great  as  the  final  constant  rotation,  a  condition 
yhich  K.  O  Erdmann'1  in  1855  and  Dubrunfaut4  in  1856  ven- 
led  with  grape-sugar.  The  high  beginning  rotation  was,  there- 
ore,  designated  as  birotation 

The  phenomenon  of  decrease  in  rotation  was  noted  by 
Crdmann  in  ordinary  milk-sugar,  and  later  the  same  behavior 
as  been  observed  by  Tollens  and  E.  Fischer  in  many  other 
arieties  of  sugars  It  has  been  recognized,  however,  that  the 
slation  of  the  beginning  to  the  final  rotation  is  not  always  2:1, 
s  with  dextrose,  but  may  be  1.6  i  as  in  the  case  of  milk- 
Ligar,  or  1.46  :  i  as  with  galactose  or  4.67  :  i  as  observed  with 

)  Dubrunfaut:  Corapt  rend  ,  33. 43 
«  Pasteur:  Ann.  chlrn.  phys.,  [3].  3»»  95 ( 
»  Erdmann,  Jahresbericht,  (1835).  P  671. 
*  Dubrunfaut:  Coxnpt  reud.,  43,  328. 

*7 
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xylose.  Because  of  this  it  was  suggested  by  Wheeler  and 
Tollens1  in  1889  to  change  the  first  designation,  birotatton,  into 
multirotation. 

.  It  was  further  observed  by  Schmbger2  in  1880  and  also  by 
E.  O.  Erdmann*  that  milk-sugar  on  dehydration  changes  into 
a  modification  which  on  re-solution  shows  a  gradual  increase  in 
rotation  and  the  same  behavior  was  found  with  maltose  by 
Meissl*  in  1882.  Schmoger  describes  this  low  rotation  as 
half  rotation.  The  terms  greater  rotation  (Mehrdrehung)  and 
less  rotation  (Wenigerdrehung)  were  later  introduced  by  Parcus 
and  Tollens5  to  describe  the  two  kinds  of  rotation. 

A  further  advance  was  made  in  1895  by  Tan  ret  who  found 
that  in  certain  sugars,  besides  the  known  modifications,  a  and 
ft,  of  which  the  higher  rotating,  a,  is  transformed  after  solution 
into  /?,  a  third  modification,  y,  may  be  obtained  which  in 
solution  is  likewise  transformed  into  ft  This  is  the  case  in 
the  following  bodies,  the  three  forms  of  which  with  respect  to 
their  specific  rotations,  \a\  „,  stand  in  the  following  order, 


Modification 

(labile) 

P 
(stable) 

(labile) 

"•>  4    mcO 

1      e,   -O 

rf-Galactose  

Mllk-SUffar      .        

>+i35 
"•>  -J-    88 

\    52-5 

+  81 

4-     EC 

-v  n    22  5 

"  +  Sa 
-*'  -i   •»£ 

T  55 

v.  -f-  30 

The  form  a  shows  greater  rotation  and  y  less  rotation  ; 
there  is  then  by  the  change  of,  a.  into  ft  a  decrease  and,  on  the 
other  hand,  by  the  change  of  y  into  ft  an  increase  in  the 
rotation 

The  conditions  with  rhamnose  are  different. 

Modification  a  p  Y 

Rhamnose <  —  6°        +9°        >  +  23° 

Here  we  find  by  the  conversion  of  a  into  ft,  first  a  decrease 
in  the  negative  rotation,  and  then  after  passing  a  certain  point 

1  Wheeler  and  Tolleus   Ann  Chem  (I4ebig),  334,  312 

*  Schmdger  Her.  d  chem  Ges  ,  13, 1915 
8  Erdraann-  Her.  d  chem,  Ges  ,  13,  2180 

*  Meissl  J  prakt  Chem,,  [a],  35, 122 

*  Parcus  and  Tollens  Ann  Chem  (I,iebig),  357, 161  «. 
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of  Inactivity,  an  increase  fe*t&e  ri^t4tttttd  rotation,  while  the 
change  of  x  into  ft  Is  accompanfe**  %  a  decrease  in  rotation. 
The  preparation  of  the  three  modifications  of  the  above  sugars 
ia  given  isi  1  72. 

The  rapidity  with  which  a  labile  modification  of  a  sugar 
chftfijfi*H  into  the  stable  form,  increases  in  marked  degree  with 
r»He  in  temperature.  At  the  ordinary  temperature  a  period  of 
from  HIX  to  twenty-four  hours  is  usually  required,  but  by  boil- 
ing, the  transformation  is  completed  in  a  few  minutes.  This 
behavior  was  observed  by  Dubrttnfaut  with  grape-sugar  and 
with  milk-sugar. 

After  solution  of  a  labile  sugar  form  in  water  the  change 
immediately  and  it  is  not,  therefore,  possible  to  estab- 
thv  iK'KtmnnK  rotation  with  accuracy.  Several  minutes 
Iwfore  the  observation  of  the  liquid  in  the  polari- 
se* »JK«  mn  commence,  and  with  the  greater  rotating  #-forms  a 
v«lw  MMiivwh.it  too  low  and  with  the  lower  rotating  y-forms  a 
\  aim  HOJWN\  hat  too  high  is  always  found.  An  accurate  result 
js  uhi.inuM}  unlv  f«»i  the  end  prod  net  of  the  transformation,  the 
•it.tMi*  ft 


7*  .  Ranurae  of  the  Sugars  Showing  Multirotation.  —  The  follow- 
K  «»t»M'jviitK»»H  wen-  nil  carried  out  by  allowing  the  transfor- 
titui  to  priKiftl  at  the  ordinary  temperature  (usually  20°) 
ISI    in  the  oihurtvst  {K>ssible  time  after  preparation  of  the 
l  he  U-KwmnK  rotation  was  determined  and  later  the 
nt  pin!  iiitntifin,  the  time  required  to  complete  the  change 
iiMlcil      The  sjKvific  rotations  given  correspond  to  [«]/>, 
the  titttccittrntittn,  /,  expresses  the  number  of  grams  of 
<*it!*itt  in  !t«»  iv.  uf  solution.1 

t  /  .  lr<tM*t<*s?>  C,HWO5  (two  modifications) 

«  J/.«/f/»(fi/fo*.    Ordinary  crystallised  arabinose. 
^..*/*W*/»rt»/mw,~This  ia  obtained  by  precipitating   a  hot 
*)!utu»!i  of  the  «.form  In  an  equal  weight  of  water,  by  addition 
tjf  n>  |«irti  of  ftbwolute  alcohol.    In  the  crystallized  condition 
It  i»  imt  *mWe  an4  reverts  gradually  to  the  *-form.» 

«  M«*y  «f  «bt  *itt  frMwd  ««  «t*«»tty  *«d  JMjrwutftffe  composition  have  been 
wane**  to  iW»  torai  t» 


'.& 


8PKCXPIC   HOTVTION 

Observed  for «      9,7  \t  /      *• 

<t.  First  rotation  after  6,5  minute* » J,6  7 "   \ 

/3.  Final  rotation  after  1 .5  hours •  •  •  •    •   i«|  ft*1  *     S*  * 

/».(<•      13.8)   !   »*$"•    t*       *S»    "   HM"  ITnim-ll 
2.  l-Xvlos?,  CA1 1,A  (two  mtxltlicatimis » 

a-Modiftcation ,  ordinary  xylose. 

^-Modification,  not  yet  obtained  pure,  1ml  mixed  with  «» » 
reverts  to  <*  in  solid  condition. 

Observation  i.    t       1«.JJ5,  /       *•' 

a.  First  rotation  after  5  minute* H*  «» '   it  *r«'rr  »•«• 

j8.  Final  rotation  after  5  houis iH  !•'    •     **"  -* 

Obsetvation  2.    r      n.tty,  /      jit 

a   First  rotation  after  4.5  minuU'H -  ;h,*»'   I  Ih»'ir«»»r 

p.  I'Mnal  rotation  after  2,5  hours ty  »   ' »     W  I 

/  3.  d-Ghtfo$fi  CBI1,,O,|  (tlnw  muttifiontiims) 

a-Modification.-  -Ordinary  form  tTystalli/ed  fn«n  w.ttri  »t 
mean  room  temperature  as  hydrate,  C\,II,/),  »  II/).  <»i  .i«« 
anhydrous  crystallized  grape  sugar  from  alcohol  or  fiuiu  w.nn 
at  30°  to  35°.  Immediately  after  solution,  and  left'im!  to  Utr 
anhydride,  [«•]/,  |  i«50,  then  hy  change  into  A, 
to  52.5. 

ft- Modification.  This  remains  usually  as  an 
hygroscopic  mass  by  evaporation  of  dissolved  ««gluet»H\  It 
may  be  obtained  in  crystalline  condition  by  evaporating  on  tl$c 
water-bath,  and  stirring  constantly,  dissolving  the  ictattm* 
dried  at  98°  in  half  its  weight  of  cold  water  and  adding  tt  lurj^t* 
amount  of  alcohol  cooled  to  o° ;  or  it  may  IK*  made  by  melt- 
ing flf-glncoHc,  cooling  to  100°  and  adding  some  crystals  af 
^-glucose.  It  dissolves  at  19°  in  half  its  weight  of  water  ami 
shows  the  constant  rotation  of  |  52.5°  (referred  to  Cc!i,,OA). 
On  evaporation  of  its  aqueous  solution  it  yields  tf-gluetme, 
which,  however,  is  only  formed  after  crystallisation,  m  the 
mother-liquor  shows  always  the  rotation  of  $,4 
The  ^-Modification  is  formed  when  a  concentrated  nohition 

1  Parcus  and  Tollcna:  Ann.  Chcm.  (Mebig),  357,  174, 
a  Wheeler  and  Tollens!  Ann.  Chem,  (Ueblg),  994,  311, 
»  Parcus  and  Tollens-  Ann.  Chcm.  (Uebig),  ag7,  173. 
*  According  to  I,obry  de  Brwyn  and  Alberda  van  Kkenntttii! ;  Ber  d,  «h«m. 
a8, 3083. 
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of  or-glucose'is  evaporated  and  the  residue  heated  for  several 
hours  to  1 10°  The  mass,  which  consists  of  ft  and  y,  is  dis- 
solved in  an  equal  weight  of  water  and  treated  with  a  large 
volume  of  alcohol  which  precipitates  the  y-form  first  This 
form  separates  first  also  by  recrystallizing  from  alcohol  It 
requires  for  solution  at  19°,  three-fourths  of  its  weight  of 
water  and  shows  a  beginning  rotation  of  +  22.5°  (for  CfiHMO6) 
which,  in  consequence  of  change  to  the  ft- modification  increases 
gradually  to  52.5°  ' 

The  three  forms  exhibit  the  same  depression  of  the  freezing- 
point. 

Change  of  a  into  /3. 
i.  c  ~   9  097,  /  -_  20° 

a  First  rotation  after  5  5  minutes .  .     . .  .  -f-  1052°  \  Decrease 

0  Final  rotation  after  6  hours      .  -|     52  5°  /       52  7° 

2    c  —  5  526,  /       20°. 

o  First  rotation  after  7  minutes .  .        .  .     -|    104  3°  \    Decrease 

0  Final  rotation  after  7  hours  -f-    52  6° 2  /       51  7° 

Change  of  y  into  |8 

y  First  rotation  (Tanret)  -)-    22  5°    •>    Increase 

fi  Final  rotation -j-    52  5°     J       3°  o° 

j..  d-Glucosc  Sodium  Chloride,  2C8HUO8  +  NaCl  (two  modifica- 
tions) 

c    -  10  46,  containing  o  90  C6H,/)B 

First  rotation  after  15  minutes  (for  C0H15!O8)     -\     99  4°    \  Decrease 
Final  rotation  after  20  hours          |-    50.3°  *  J       49  l0 

)         d-GIuco&eo\imf,  C,HUO6  NOH  (two  modifications) 
(c      9-648) 

First  rotation  after  15  minutes  —    5  4°      \    Decrease 

Final  rotation  after  1 8  hours     —    2.2°*    J       3  2° 

>    d-Ghicoscphcnylhydrazone,    C6H,206.N,H  C8H8    (two  modi- 
fications) 

(C-     10) 

First  rotation  after  10  minutes —  15.3°    \    Increase 

Final  rotation  after  12-15  hours —'46.9° 5  J       3*  6° 

1  Tanret :  Compt  rend.,  iao>  1060 

*  ParcuB  and  Tollcns  ;  Ann.  Chem.  (Uebig),  357,  164, 
»  Trey :  Ztachr.  phys.  Chem.,  aa,  438. 

*  Jacob! :  Her,  d.  cbem.  Ges.,  34,  697 

*  jacobl :  Ann.  Chem  (Ueblg),  aya,  173 
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7.  I- Glucose,  CgHjjO,  (two  modifications) 


First  rotation  after  7  minutes 94-5°   \   Decrease 

Final  rotation  after  7  hours 51 ,4°'  J      4J«  *  ° 

8.  d-Galadose,  C8H1SO6  (three  modifications) 

a- Modification. — Ordinary  crystallized  galactose, 
fl-Afodtficatton.—'ttih  is  obtained  by  dissolving  the  ff-form 
in    i-£    to    2    parts    of   boiling   water    and    pouring     the 
solution  into  eight  times  the  volume  of  alcohol,  stirring  mean- 
while, which  produces  a  crystalline  precipitate.     The  conver- 
sion of  a  into  ft  is  complete  in  strong  solution  only.     It  is  sol 
uble  in  1.57  parts  of  water  at  22°,  and  reverts  into  the  *-form 
on  crystallization  from  water. 

The  y-Modificatim  is  said  to  be  produced  when  a  solution  of 
12  grams  of  a-galactose  in  30  grams  of  water  is  treated  with 
0.03  gram  of  sodium  phosphate  and  a  drop  of  dilute  sulphuric 
acid,  warmed  on  the  water-bath  a  few  minutes,  then  cooled,  and 
gradually  mixed  with  240  cc.  of  absolute  alcohol.  On  repeat- 
ing the  process  several  times  the  rotation  of  the  product,  prob- 
ably still  impure,  could  be  reduced  to  52.25°.  In  aqueous 
solution  at  the  ordinary  temperature  it  is  converted  into  $ 
inside  of  two  hours,  while  for  conversion  into  ot  three  times  as 
long  is  required.2 

,  .  Change  of  a  into  /3 

(c  =  10) 

«  First  rotation  after  7  minutes ,   ,  r ,  Ao   ,  TWlwll. 

ft  Final  rotation  after  6 hours \     £*«  }     £]  IT 

*  First  rotation  (Tanret) ,    . „ '. 30    ,  ./ 

••  Ilr 


Change  of  7  into  /3. 

y  First  rotation  after  5  minutes  (Tanret) i     e,  ,«   , 

ft  Final  rotation  (Tanret) It  6°} 

IGaladoHaxime,  C6H12OB  NOH  (two  modifications) , 
(c  =  5.217) 

First  rotation  after  10  minutes ,     „„  «    , 

Final  rotation  after  20  hours .' ,'    ,  04  ! 

»  E.  Pischer    Ber  d  chem  Ges ,  33,  26,9       I4<S 

-  Tanret    Bull  Soc  Ch«a ,  [3],  15,  J95 
'ParcusandTollens  Ann  Chem.  (Uebig)  3.7  ,*, 
4  Jacobi  Ber  d  chem  Ges,  34,  698  7>   * 
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d-Mannoseoxime,  CaHlllO6.NOH  (two  modifications) 

(c  =  4.875) 

First  rotation  after  10  minutes +     7.5°   \  Decrease 

Final  rotation  after  6  hours -f      3.2o1  J      4-3° 

d-Fructose^  I^evulose,  CeH,2O6 

C  -    10,  /    -  20° 

First  rotation  after  6  minutes —  104.0°   \  Decrease 

Final  rotation  after  20  to  25  minutes —   92.3°"  J     "•7° 

Final  rotation —   90.2°" 

Final  rotation —   90.7°* 

Rhamnose^    isoduldte,     C0HittOs;  hydrate^   C8H14OB  (three 

modifications) 

x-Modification. — Ordinary  rhamnose,  crystallized  from  water. 

hydrate  dissolved  in  water  it  shows  a  beginning  rotation  of 

5°  to  —  7°  (referred  to  C(1H1!JO6),  then,  by  conversion  into 

yfl-form,  a  decrease  and  afterwards  a  change  to  increasing 

lit  rotation  which  reaches  about  +  10°. 

^-Modification. — For  the  preparation  of  this  i  part  of  the 

orm  is  dissolved  in  %  part  of  boiling  water  and  then  mixed 

h  5  parts  of  absolute  alcohol  and  5  parts  of  ether.     The 

t  crystalline  precipitate   which  separates  is   #-rhamnose; 

>  is.  removed  and  a  new  portion  of  ether  is  added,   which 

DWS  down  the  ^-form,  with  which,  however,  a  small  amount 

the  /-form  with  lower  rotation  may  be  mixed.     The  j3-form 

stallizes  with   £  molecule  of    water  in  fine  needles.     It 

acts  moisture  from  the  air  and  reverts  into  the  a-form.    In 

eous  solution  it  shows  the  constant  right  rotation  of  +  9-i° 

0.1°  or  even  12  7°,  referred  to  CBHVJO5  8 

-Modification  — This   is  produced    from    the   /?-rhanmose 

>n  it  is  dried  in  a  desiccator,  and  then  heated  for  several 

rs  to  90°.     On  crystallizing,  it  reverts  to  the  tf-form     It 

ins/with  a  rotation  of  +  22.8°,  which  gradually  sinks  to 

at  •+  10°  through  conversion  into  the  ^-form.8 

Jacob! •  Ber.  cl  chem,  Ges.,  94,  699. 

Pareusaml  Tollens:  Aim.  Chem.  (lylebig),  357,  166 

Juiujflelach  and  Grimbert:  Compt.  rend.,  107,  390 

Htfuig  and  Jeaser.  Wien.  AJkad,,  Ber.,  97,  II,  547- 

Tanret:  Bull.  8oc,  Chlm.,  (3),  15,  «». 

Tnnret  :  I.oc.  ctl. 
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Change  of  *  into  0. 
Hydrate  dissolved  in  water     Calculated  for  C«H,a(  >ft. 

1  c  —  10,  t  — -  20°. 

a  First  rotation  after  5.5  minute. 5       \  I>eci«MJJ*  «nrf 

/3  Final  rotation  after  66  minutes t  P-41    I  mere**  14.4 

2  c=  9.08,  ordinary  temperature. 

a  First  rotation  after  i   minute 5-6° ,  \  Iterrf  in*  «nj. 

|B  Final  rotation  after  i  hour t  S^'  '  »erc«i*  I4-H 

3.  e  =  S  and  I0>  '      T3  5°'  u  , 

a  First  rotation  after   10.5  minutes 7- '     \  necrv««*  '""I, 

/3  Final  rotation  after  i    hour !  9.l"'  I  toettrttw  ift.a 

Rhamnose  anhydride  dissolved  in  water  0       9.5 )  shows  at 
once  the  constant  rotation  -\  8.7  (0-form).1 
Change  of  7  into  £. 

7  First  rotation i    aa.8°  ^i)ta-r«uw 

p  Final  rotation  after  i  5  hours i    uu"  I      1^7 

With  alcohol  as  solvent  different  rotations  are  found.  Jtu'olu 
(he  at.}  gives  the  following  observations: 

1  Hydrate,  dissolved  in  alcohol,  c      7.67. 

First  rotation,  after  15  minutes  (for  CBHHO5)        12.6°  ^  DeiMt<a4f 
Final  rotation  after  16  hours       "         "  10.0°  I      26 

2  Anhydride  dissolved  in  alcohol,  e      7.5. 

First  rotation  after  5  minutes  (for  C8HnOri)  •  •    I    3  4°  I  per  mis?  and 
Final  rotation  after  24  hours      "        "          •        9.0°  '  inerruw  u  4 

For  the  explanation  of  the  phenomenon  that  the  hydnite 
and  anhydride  of  rhamnose  show  a  rotation  in  alcohol  opposed 
to  that  in  water  see  §  64. 

13,  Rhamnoseoxime,  CgHuO^NOT  (two  modifications) 
c  =.  9  863,  ordinary  temperature 

First  rotation  after  10  minutes I  6.1°     \Increunt* 

Final  rotation  after  20  hours     f  13.6° fi '       7.5" 

14.  Fucose,  CgHjjjOg  (two  modifications) 

c  —  6,916,  /  —  20°.  t 

First  rotation  after  1 1  minutes -  1 1 1 .8°  ->  DecreftBe 

Final  rotation  after  2  hours ~  77.ou(l  J        34,8' ' 

1  Schnelle  and  Tollens  •  Ann.  Chem.  (Liebig),  371,  63. 

2  jacobi  •  Ann  Chem  (Mebig),  3731, 176. 
J  Tanret    Loc  cit 

*  Jacobi    Ann  Chem  (Iviebig),  373,  177 

5  Jacobi  Ber.  d  chem,  Geb  ,  34,  698. 

6  Gunther  and  Tollens  Aim  Chem  (Lleblg),  371,  90. 


STJCJARS  SHOWING 

Khamnokfxose,  C7HU06  (two  modifications) 
r      ;o,  /      it"P, 
irat  rotntion  after  }  hour  .................  -  82,9°   i 

iual  rotation  after  i  a  hours  ................  -  61.4°  l  j 


CTH1407  (two  modifications) 
<*      10.  14  ordinary  temperature. 
irat  rotation  after  xomhvutes  ..............  4  85.1°   •» 

Inal  rotation   nfter  34  hours  ................  j  68.6°  *  \ 

ct-Mufohtptosf,  CTHI4O,  (two  modifications) 

(          10,  ^         20    . 

inrt  rotation  after  15  minute*  ...............  35.0°    ,  Decrease 

inal  rotation  after  some  hours  ............  19.  7°*  /      53° 

<*-(r/unKf0jtft  0HHWOB  H-  2  HaO  (two  modifications) 
<       6.6^7,  tUssolvetl  at  50"  and  cooled 
irst  rotation  .........................  614°  •>  Decrease 

iual  totation  after  6  hours  ............          439°')      175° 

Mi/k-\uj>art  C^H,/),,  (three  modifications) 

Vt><///mj/fW/  —  (  )i  dinury  crystallized  milk-sugar,  C,3H22On  + 
This  exhibits  :i  tagiiming  rotation  of  -|-  87°  (anhydrous) 
ii  aqueous  holutum  is  changed  into  the  $-form.B 
\fodijitatnw  This  may  be  obtained  from  «  and  /3,  and  is 
wl  in  tTystalline  form,  C,,H.iaOu  -|-  1/2  H.O,  by  adding 
or  four  volumes  of  absolute  alcohol  to  the  warm  concen- 
l  .solution  of  cither  of  these  " 

e  j'-form  is  obtained  by  rapidly  evaporating  a  solution  of 
r  three  grains  of  wr-milk-sugar  in  10  cc.  of  water  to  dry- 
n  a  platinum-dish  on  a  water-bath,  and  drying1  the  resi- 
t  <>H°  to  complete  loss  of  the  water  of  crystallization  T 
y  also  Ins  otttaincd  by  rapidly  boiling  down  a  solution  of 
ttry  milk-sugar  in  a  metallic  vessel,  when  suddenly  the 
j  liquid  solidifies  to  a  mass  of  small'  porous  anhydrous 
Us."  Pure  anhydrous  crystals  may  be  secured  by  repeated 

ik'her  «ml  I'iloly:  Bur.  d.  client.  Oca.,  93,  3"» 

Mchvrtttid  PKwmore.  Ber.  d.  cliem,  Gen.,  aa,  3330. 

whcr:  Ann,  Chem.  (Mcblg  ),  a?o,  75. 

m*h«f  Ann.  Chem.  (Uebig),  970,  97. 

rtlmunn  and  achmflfcr  .  Ber.  d.  chem.  Ges.,  13,  1933. 

mrct-  Hut)  ftoe.Chittt  ,  (3),  13,  625. 

hia&ffer    Ber  d  chem.  Oe».,  13,  19^5* 

timnnn    Ber.  d,  cb«m.  0«*,,  13,  ai8o.  '•  % 


266  SPECIFIC  ROTATION 


crystallization  from  anhydrous  alcohol  (Tftnret).  The  firat 
rotation  is  +  36.2°,  which  increases  to  that  of  the  /f-form, 

The  three  forms  show  the  same  freezing-point  depreMuion. 

If  ordinary  powdered  milk-sugar  is  dehydrated  at  130°,  the 
residue  shows  the  rotation  phenomena  of  the  or- form. 


Change  of  a  into 
i.  f=  7-5  (hydrate),  /  =  20 


Cnlculatcd  for 


t*  w  r%        t*   ix   f\ 

V-18"»4'"'U|.       V.tg.U.juUn. 

a  First  rotation  after  4  minutes-.     |  84,0  \  88.4°   ) 

ft  Final  rotation  after  6  hours ....     |  52.5  ;  55. 3°'  I 

2.  £  =  4841  (hydrate),    i      20° 

a  First  rotation  after  8  minutes.      |  82.9°  •  87.3'  1 

/3  Final  rotation  after  24  hours.,     j  52,5  *  55 .3°*  I        33.0*' 

Change  of  y  into  j8. 
c  =  7  07 ,  7  72 ;  ordinary  temperature. 

y  First  rotation |34<4o  ,  ^6t&}    inn-cm* 

ft  Final  rotation  after  24  hours ...     |  52.45  i  55.  a08  I        ig.o" 

20.        Maltose,  C]2H2JOU  (two  modifications)  ;  hydrate, 

C12HwOn  +  HaO 
i.  c  =  14  to  19  (anhydride)   /  ..    15°. 

for  CjglljjC),,. 
First  rotation  after   4mimites.   -     |-  m.o     to   134.8°    \ 

Final  rotation  after  12  hours- j    i ijj.  !«*  t 

2   £  =  9.2  to  9  8  (anhydride),  /  -    20°. 

First  rotation  after  6  to  12  minutes    j   118.8   to   121.0°   \    i.^rcn, 
Final  rotation  after  5  to   9  hours        \  136.8  to   137.0°*  I         17.,,* 
The  absence  of  multirotation  has  been  shown   for  inomtv 
sorbm  levosin,  ethyl  glucoside,  methyl  and  ethyl  galaetosidcs, 
benzyl  arabmoside,  and  the  plienyl  hydrazones  of  gulacto.se  and 
rnamnose. 

that  t 
order, 


was  the 
reactions 


dx 
~df~{ 

»  SchmSger    Her.  d.  chem  Ges  ,  I3>  i93I. 

«  2^±"T.  W?W.  »57,  ,70. 


Ber>  d  chem   - 

prakt  Chem.,  (a)  ag,  iaa. 
ParcusandToUens.  Ann  Chem.  (Ueblg), 

»- 


HATS  or  CHAHOK  OF  JtOTAttO* 


applicable  to  the  case  of  the  change  of  rotation  in  railk-sugar 
ti  gtt»|H*<«ugar.  New  and  careful  investigations  with  refer* 
if  to  dextrour  have  been  carried  out  by  l^evy1  and  by 
cv.'  In  consideration  of  the  fact  that  the  actual  beginning 
in  a  quantity  which  can  never  be  accurately  deter- 
her*,  the  firnt  of  these  observers  changed  the  formula 
in  1'nk'ulatmg  the  constant,  C 


vhifh  #,/*s  nrr  the  rotatkiitH  c»rre»ponding  to  the  times  /,/9, 
V»  rt-|»rr'*c»t'»  l  he  tHinstant  final  rotation.9 
it  tlUiHtiAtmn  the  fttl!«i\\inK  »*t»rtcH  of  otiwervfitions  by  Levy 


M»MTI»»S   *«!•     \«H\I»H«US     DHXTKOSK    OF 


M»r  kit  HititttUi 
H»»   »  !««>>., ti 


U    I'KR    CKNT 
20.9°. 


irmprmluir  I    <$£*££ 


M 


ft, 


Jf*  tjt 


16.691 


10 


45 

53 
60 


o,(X)649 
0,00719 
0,1x1644 


0.011653 


*>9° 
a«».q 
att.9 
ao.  H 

Jti.fi 


0.00677 

#1.5  0.00656 

20,5  0.110687 

20.5  0.00674 

30,5  0,00671 

90,5  0.00675 

Metn  o.oo66a 
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From  fifteen  series  of  experiments  made  at  a  nearly  constant 
temperature  of  20°,  Levy  found  that  for  strengths  of  i  to  5 
per  cent.,  the  constant,  C,  is  independent  of  the  concentration. 
With  increasing  temperature,  the  value  increases.  It  was 
found  in  the  mean,  that  for 

about  20. 10°  C  =  0.00610 
20.25°  C=  0.00637. 

Effect  of  Added  Substances  on  the  Velocity  of  Transformation 
The  decrease  in  the  rotation  of  aqueous  dextrose  solutions 
with  the  time,  is  sometimes  hastened  and  sometimes  retarded 
by  the  presence  of  other  substances,  such  as  acids,  alkalies 
or  salts,  and  the  behavior  of  these  bodies  appears  to  be  a  cata- 
lytic one.  Numerous  investigations  by  Levy  and  Trey  have 
shown  the  following  facts . 

a.  JSodzes  Which  Hasten  the  Change 

i  Adds. — The  effect  of  these  was  first  noticed  by  Erdmann1 
in  the  case  of  milk-sugar.  According  to  Levy,"  the  velocity 
constant,  C,  (formula  II)  assumes  the  following  values  when 
dilute  acids  containing  TJ7  mol.  to  the  liter  were  employed  as 
solvents 


C 

Temperature 

Relative 
acceleration 

Water  
Water  

Hydrochloric  acid.   •  • 

o  00610 
000637 
\. 
0.02300 

2O  I 
20.25 

20.25 

IOO 

Tnchloracetic  acid  . 
Sulphuric  acid...  - 
Dichloracetic  acid  •   •  • 
Monochloracetic  acid 

o  02325 
o  01886 
o  01670 
o  01004 
o  00716 

20  25 
2O  0 
2O  2 
20.25 

90.99 
9667 

71-95 
62.41 

17.25 

rn  R 

./U 

•°3 

It  appears,   therefore,  that  in  their  accelerating  behavior, 
the  acids  stand  in  the  order  of  their  affinity  coefficients,  as 


Jahresber ,  1855,  p  671 
I,evy    Loc  at ,  p  301 
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measured  by  electrical  conductivity,  the  catalysis  of  methyl 
acetate  or  by  their  power  of  inverting  cane-sugar. 

Trey1  came  to  the  same  conclusion  in  experiments  on  the 
action  of  hydrochloric,  sulphuric,  oxalic,  and  cacodylic  acids. 
But,  on  the  other  hand,  he  found  a  retarding  effect  with  acetic 
and  propionic  acids. 

The  value  of  the  constant,  C,  increases  as  a  matter  of 
course,  with  the  strength  of  the  acid.  For  example,  with  ^ 
normal  hydrochloric  acid,  the  value  is  C '  —  0.00971. 

2.  Bases. — These  bring  about  an  enormous  acceleration  in 
the  velocity  of  transformation  of  all  sugars,  so  that  in  a  very 
few  minutes,  or  immediately  after  the  addition  of  the  base,  the 
normal  end  rotation  is  reached.  This  was  first  noticed  by 
Ureclr'  in  the  case  of  milk-sugar  and  ammonia,  and  he  found 
also  that  in  time,  the  rotation  sinks  still  lower,  which  may  be 
accounted  tor  by  a  chemical  change  in  the  sugar  ll 

The  action  of  ammonia  on  different  sugars  has  been 
thoroughly  investigated  by  Schul/e  and  Tollens  4  They  found 
that  by  application  of  o  r  per  cent  ammonia,  after  5  to  10 
minutes,  even,  the  normal  lower  rotation  is  reached  with 
dextrose,  xylo.se,  arabmose,  galactose,  rhamnose,  levulose,  and 
ordinary  milk-sugar  This  was  found  to  be  the  case  with 
^-milk-sugar  and  maltose  also,  from  which  it  is  seen  that  not 
only  the  higher,  but  the  lower  rotation  as  well,  is  destroyed 
immediately.  Schul/.e  and  Tollens  observed,  for  example, 
the  following  changes 

Xylom  M/>  Maltose  hydrate  [a]/) 

In  water  constant |-  18.7°  In  water  constant  ....  +  130° 

After  10  mm.  -|-  14.8    In  ammo-    f  After  10  nun  -f  126  i 

After   i  day    -\  ir.o      nia  of  20.41  After  i\  hours  -f  123  9 

After   sdays-h   5.7      percent.   [After  r   day  +  118  i 


In  ammo- 
nia of  20.4 
per  cent. 
d      0.924 


After  5  days  -  5. 9 


In  the  same  manner  Trey8  found  in  a  solution,  which  contained 
in  ico  cc,,  2,25  grams  of  dextrose  anhydride  and  0.085 

i  Trey :  Ztachr.  phy«.  Chem ,  18,  aos  i «» 448- 

«  Urcch:  Her.  d.  chem.  Oca,,  15,  3133  (1883). 

»  Urech ;  /fad.,  I7»  X545> 

•*  Schulze  and  Tolletis;  Ann,  Chem.  (lM>ig),  3171, 49. 

»  Trey:  ZUchr.  phy»,  Cb*jn<,  aa,  439,  * 


A 
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After  15  min.      \ot\n       :  S*«> 
After  24  hours  •  49.6 

After  65  days  j  44,9 

The  alkali  hydroxides  have  an  equally  strong  action  ;  by 
means  of  ^  normal  potassium  hydroxide  solution  the  final 
rotation  in  dextrose  is  reached  almost  instantly.  With  greater 
concentration,  a  further  progressive  decrease  is  observed  which 
may  even  pass  into  left  rotation.  Thus,  Trey1  fmmd  in  a 
solution  containing  in  100  cc.  2,25  grams  of  dextrose,  and  »*  t 
gram  of  sodium  hydroxide,  the  following  specific  rntutiim* 
After  15  minutes  [«]/>  |  52.7  (urn-wall 

"    24  hours      [a],,        i   36.7 

"    48     "  [a]/,         i   26,0 

"    34  days        [a]/,        i    15,1 

"    65    "  [a]/,  ,M 

It  is  evident  that  some  chemical  change  takes  jiliuv  hrtr 
As  I^obryde  Bruyn  and  Alberda  van  Kkeiihtein'  huvvttWivrd, 
the  reciprocal  conversion  of  dextrose,   levulose,  nncl  nuitmutr 
into  each  other  by  the  catalytic  action  of  small  amount*  <«f 
alkali  is  possible. 

It  is  only  with  very  weak  bases  that  the  fall  in  the  imtltt 
rotation  may  be  quantitatively  followed.    This  was  tUwv  in  A 
dextrose  solution  containing  urea  with  which  Levy'  fmimt  tin- 
following  values  for  the  velocity  constant,  C  (formula  II  i 

Urea  in  solution  \  IC)  1>et<  cent"  '  C     U-°«*,W  »t  tttnnil  Jo  a 
i  5  per  cent.  :  C     0.00749  »t  nlitiut  au  M  ' 

These  numbers  are  but  little  larger  than  tfiven  above  for  inm* 
water.  * 

3    Salts.—  These  all,  with  the  exception  of  sodium  chhtridr 
have  an  accelerating  action  on  the  fall  of  rotation  mttexl 

Salts  with  an  alkaline  reaction  bring  about  the  normal 
rotation  within  a  few  minutes.     This  is  the  case  with 
carbonate  with  which,  after  long  standing,  no  further 
is  observed  ;  this  salt  is  therefore  suitable  for 


ag  the  mulfcrotation.    Potassium  cyanide  sometime*  pr 
a  marked  decrease  below  the  normal  end  value  (Trey?  • 

1  Trey  Lac,  ctl,,  p.  438. 

»«.  -.=«..».  a., 
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Temp, 
20.1° 

20.0 
20. 2 
20  I 


Salts  with  a  neutral  reaction  cause  a  slower  decrease  in  the 
ultirotation,  so  that  the  conversion  may  be  followed  and  rneas- 
ed.  Levy1  found  the  velocity  constant  C  (formula  II),  for 
'xtrose  in  the  presence  of  the  following  salts : 

c 
Pure  water o  00610 

Sodium  sulphate,  anhydrous,  xoper  cent. . ,  0.00844 
Sodium  sulphate,  anhydrous,  5  per  cent. . .  0.00800 
Sodium  acetate,  10  per  cent 0.03897 

According  to  Levy,  the  action  of  these  salts  depend  on  this, 
at  through  partial  hydrolysis,  sodium  hydroxide  is  formed 
tiich  brings  about  the  acceleration  This  hydrolysis  takes 
ace  to  a  greater  extent  with  sodium  acetate,  than  with  the 
Iphate,  and  this  explains  its  much  stronger  effect 
Trey  has  demonstrated  the  accelerating  action  of  the  follow- 
j  salts  on  the  fall  of  rotation  in  dextrose  a 

Sodium  bicarbonate,  Magnesium  chloride, 

Potassium  nitrate  •   Magnesium  sulphate, 

Potassium  iodide,  Aluminum  chloride, 

Ammonium  chloride,  Cadmium  iodide, 

Ammonium  thiocyannte,  Lead  acetate, 

Barium  chloride,  Mercuric  chloride. 

Trey  found  also  that  .sodium  sulphate  lessens  the  effect  of 
Iphunc  acid 

1),  BodicsWhich  Retard  the  Change 

r  Sodium  Chloride  — The  behavior  of  this  salt,  different 
'in  that  of  all  others,  was  first  noticed  by  Levy8  who  found 
:  following  values  for  the  constant  C  (by  formula  II), 
n'cli  are  smaller  than  that  for  water  : 

Dextrose  solution  C 

In  pure  water 0.00610 

In  10  per  cent,  sodium  chloride o  00533 

In    5  per  cent,  sodium  chloride 0.00586 

Trey4  confirmed  this  retarding  action  of  common  salt  by 
1  following  series  of  observations,  in  which  the  changes  in 
•  specific  rotation  of  dextrose  with  the  time  of  standing  were 
nd: 

I,evy  s  L*>et  eit. 
1  Trey ;  Ztuchr.  phys.  Chem. 
1  JUevy.  /Wirf.,  17.320, 
1  Trey .  f&td.,  aa, . 
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f  Dextrose 

2350 

*    1 
-      I  NaCl 

0 

02925 

me,  smin 

102.7° 

. 

me,  1  5  mm 

95-6 

960° 

me,  25  miu. 

87-3 

90.0 

me,  35  mm. 

82.2 

84.4 

me,  45  mm. 

782 

804 

Line,  55  mm 

744 

767 

ime,  65  rain 

72.2 

74-9 

ime,  co 

So?0 

51  i° 

0 

.»* 

«!W     ' 

I    170 

100.0° 

,  . 

,  , 

f   g 

94-2 
86.4 

80.2 

96.8° 
89.6 

97.3" 
899 

97.1° 

746 

77.9 

78*5 

?H.i 

69.9 
66.2 

73.1 
69.4 

73-2 
69.6 

70.7 

50.8° 

51.1° 

51-7° 

52.  a" 

In  presence  of  common  salt  the  decrease  in  the  rotation 
Dllows  more  slowly  than  in  pure  water.  It  i.s  seen  also  thai  a 
ariation  in  the  amount  of  salt  is  of  little  importance.  An 
xplanation  of  this  peculiar  behavior  of  the  salt  is  wholly 
acking 

2  Alcohols  and  Other  Organic  Substances.—  Levy  obtained, 
iccording  to  formula  II,  lower  values  for  the  constant,  (', 
with  solutions  of  dextrose  in  aqueous  ethyl  alcohol  than  in 
Dure  water. 


Pure  water. . 
In  i  liter    . . . 


'  l/io  tnol.  alcohol 

Vs  mol  alcohol 

i    mol.  alcohol 0.005  ^ 


Trmji 
20. 1  ° 


30.1 


In  aqueous  methyl  alcohol,  the  retarding  action  of  which 
had  been  already  observed  by  Dubutnfaut,1  Trey"  found  thai 
the  decrease  in  the  rotation  takes  place  somewhat  more  rapidly 
than  in  ethyl  alcohol.  - 

Solutions  of  dextrose  in  pure  methyl  alcohol  .show  like- 
wise multistation,  and  the  decrease  in  the  same  may  be 
retarded  by  addition  of  other  organic  substances.  Trey" 

constant  from  *****  l  for 


1  Trey    Ibid  ,  17,  aoo 
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In  100  cc  of  the  methyl  alcohol  solution  C 

*>°775  gram  dextrose 4.95 

1.02*10    "  "      +o.  1525  gram  phenol 2.54 

09615    "  "      +0.1543    "    naphthalene 1.77 

0.8504    "           "      •]-  02725    "    diphenylamme  • . .   •  i.n 
08495    "  "      +03072    "    succinamide 085 

Finally,  a  retardation  in  the  decrease  in  rotation  in  aqueous 
lextrose  solutions  has  been  noticed  on  addition  of  acetone  and 
ilso  of  cane-sugar  (Trey)  1 

74.  Cause  of  Multirotation  of  the  Sugars. — On  this  point,  the 
ollowing  views  have  been  advanced  • 

1  The  change  in  the  rotation  may  depend  on  this,  that  in 
he  original  freshly  prepared  solution,  molecular  aggregations 
crystal  molecules)  of  active  form  may  exist,  which  gradually 
>reak    down  into  molecules    of  lower    rotation    (Laudolt,2 
3ribram,"1  Hammerschmidt,*  Wyrouboff)  B 

By  cryoscopic  methods,  as  already  explained  in  §  63,  these 
iggregations  cannot  be  shown,  because  they  no  longer  exist 
n  dilute  solutions 

2  With  dextrose,  which  shows  naultirotation  as  an  anhy- 
Inde  as  well  as  hydrate,  the  fall  in  rotation  may  be  due  to  the 
akmg  up,  or  splitting  off,   of  water.     This  view  which  was 
nrought  forward  years  ago  by  Erdmann"  and  Be* champ,7  and 
ater  abandoned  by  its  authors  has  recently  come  to  light  again 
£   Fischer*  is  of  the  opinion  that  anhydrous  grape-sugar  dis- 
olves  first  as  C0HUO8  (with  high  rotation)   and  is  gradually 
ransformecl  into  the  hydrate  or  heptahydric  alcohol,  C8HUO. 
with  lower  rotation)      According    to  Jacobi,'1  this  view  is 
onfirmed  by  the  fact,  that  in  birotating  glucose  anhydride 
.olutions,  the  formation  of  the  phenyl  hydrazone  takes  place 
nore  rapidly  than  in  the  lower  rotating  solutions      On  the 

1  Trey    Ztschr  phys  Cheiii ,  aa,  450,  456 

-  I,aiidolt    "  Optmches  Drehuugsvermogen, "  ist  ed  (1879)^58 
a  Pnbram    Wieii  Monatsheft,  9,  401 

*  Hammerschmidt ;  Ztschr  f  Riibenzucker-Ind  ,  40,  939 
0  Wyrouboff    Compt  rend  ,  115,  832 

•  IJrclmann    Jahresbencht,  (1855),  p  672 

"•  Bechamp    Ibid  ,  (1856),  p,  639,  640,  Compt   tend  ,  42,  640,  896 
"  U  Fischer  •  Ber  d  chem  Ges  ,  33,  2626 
0  Jacobi    Ann  Chein  (I,iebiff),  37*,  179 
18 
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other  hand,  Tollens'  assumed  that  the  anhydride  on 
is  transformed  immediately  into  the  hydrate  iwilh  high 
rotation),  as  evolution  of  heat  follows,  and  that  then  gradually  , 
in  solution,  a  reformation  of  the  anhydride  <  with  low  rt»t«tto«  J 
takes  place.  Such  a  reaction  i.s,  however,  thermtMl\»MiitU'ftlU 
impossible.  With  dextrose  hydrate,  which  dissolves  witit*>ttt 
liberation  of  heat,  the  high  rotation  of  the  »m'hjwgr*t  t-t*w 
pound  which  at  first  appears,  and  the  dem-use  i»  tin-  t«»f*ittntt, 
would  both  have  to  be  ascribed  to  the  gnutmd  ft«iimlnMi  rtf 
anhydride. 

Arrhenius,2  and  also  Brown  and  Morris  1  have  Nmttd  Umt 
birotating  and  normally  rotating  dextrose  solution*  *m*  i-is*i 
scopically  identical.      But  this  observation  does  not  dt-t  i*!r  ihr 
question  as  to  the  presence  of  hydrate  or  tinhvdiide  111  ^*JttliM»t 
because  the  difference  between  the  free/ing  JKIIIU  de|»i«  "HIMH-* 
of  the  two  would  be  so  .small  as  to  fall  within  the  hum*  ««t 
errors  of  experiment. 

3  The  differences  in  rotation  of  muHmtUhng  stilus  m.i% 
be  due  to  the  existence  of  difTerent  isonuM'it'  }ni«!m<  .aj.«u-. 
which,  in  solution,  are  gradually  transformed  into  t*uli  nthn 

Such  an  assumption  was  made  asearlvas  iMsh  1»\  !<idm.i»it  ' 
Dubrunfaut/  and  also  by  Bechamp,"  antl  with  ihr  nmlrr 
standing  that  of  the  different  niodittVaiions,  t>jn-  m  v\\ **i*t»m« 
and  the  others  amorphous.  But  since  thvn,  as  fxpt.utu'tt  tu 
§§  71  and  72,  Tanret  has  succeeded  in  obtaining  uhr  u.»  .»i 
three  different  rotating  forms  of  .several  sugars  in  i'j\*uHm« 
condition,  and  in  showing  the  equality  in  their  nuilrfiiUi 
weights,  and  also  their  reciprocal  w>nvertibilit>  Ttierr 
remains,  therefore,  only  the  question  as  to  the  wnKtitutmn  *»f 
these  uomers,  and  on  this  point  vati't  Hoff'  cnlleil  alteiitHw 
(1894)  to  the  clue  which  may  be  found  in  the  analogy  *.***!*!»* 
between  the  sugars  and  the  rotating  lactone.fonoing  ftdd*»,  *« 
glucomc  acid,  arabouic  acid,  saccharic  acid,  End  othem,  With 

|  Tollens    Ber.  d.  chem,  Ges.,  atf,  ifgy. 

•  Arrhemus ;  ztsclir  phys.  Chcm.,  a,  SM  (1888). 

3      Ht«rt1T»*l    *»*<J    •»*-— -.J_         rtt-*^.-        «.« 

!  Chem.  Ncwfl,  gy,  196  (1888), 

39;  Ser  d. 
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ise  latter,  as  will  be  explained  in  §  75,  the  increase  in  rota- 
n,  which  follows  on  solution  in  water,  depends  on  the 
niation  of  their  lactones,  which  possess  a  cyclic  constitution, 
i  the  other  hand,  a  decrease  in  rotation  results  when  the 
tones  are  changed  into  the  acids,  with  destruction  of  the 
g  formation.  According  to  this,  for  example,  of  the  two 
idifications  of  xylose  the  higher  rotating  might  have  the 
mula 

CH2OH— CH— (CH.OH)S—  CH.OH, 

1 o ! 

I  the  change  into  the  lower  rotating  form  might  depend  on 
i  conversion  into  a  body  of  this  structure, 
CH2OH— (CH  OH).— CHO. 

Further,  it  was  observed  simultaneously  by  15  von  Lipp- 
nn1  and  by  Lobry  de  Bruyii  and  Alberda  van  Ekeustem* 
it  in  regard  to  the  three  differently  rotating  rf-glucoses,  the 
lUinption  of  the  ethylene  oxide  constitution  of  the  same  pro- 
les for  two  stereoisomeric  forms,  and  that  the  third  or 
ehyde  structure  may  also  appear 

While  it  i.s  true  that  the  proof  of  which  constitution  must 
ascribed  to  each  of  the  three  forms  of  glucose,  etc  ,  is  as 
a  very  difficult  question,  we  may  now  consider  this  much 
established,  that  the  cause  of  the  multirotation  in  the  sugars 
:o  be  found  in  the  transformations  of  their  different  isomeric 
dificatioiih. ' 

//.  Multi rotation  of  Q-xy- Acids  and  Their  Lactones. 

rS-  In  1873  Wislicenus4  made  the  observation  that  the 
ating  power  of  ^-lactic  acid,  in  aqueous  solution,  is  gradu- 
y  changed  at  the  ordinary  temperature,  and  he  found  the 
ise  of  this  to  lie  in  the  slow  hydration  of  anhydrous  mole- 
es  which  were  contained  in  the  solution.  The  same  behavior 
s  later  noticed,  especially  by  Tollens,  in  other  oxy-acids,  as 
'charic  acid,  gluconic  acid,  rhamnomc  acid  and  others,  and 

i  «.  v.  I^ippmann:  Ber.  d.  ohem.  Ges.,  aj),  903,  "Chemle  der  Zuckerarten,"  (1895^ 
jo,  990,  993. 

a  lx>biy  de  Bruyu  and  Alberda  van  Bleensteln.  Ber  d.  chem  Ges.,  a8,  3081  (1895). 
»  See  a  recent  paper  by  Brown  and  Pickering  (J,  Chem  Soc,,  71,  769)  on  this 

iMt  .       ,„ 

<  Wielicenus;  Ann.  Chem.  (Webljr),  i$7»  3^.        ,     ,  ^ 
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also  in  their  lactones.  The  latter  have  always*  a  markedly 
greater  rotation  than  the  corresponding  acids,  and  if  the 
lactones  are  dissolved  in  water  there  is  found  a  progressive 
decrease  in  the  rotation  until  a  constant  value  is  finally 
reached  If,  on  the  other  hand,  fresh  solutions  of  the 
acids  are  made  by  using  salts  of  the  same  and  hydrochloric 
acid  in  addition,  then  a  gradual  fall  of  the  rotation  may  be 
observed,  and  finally  the  same  value  is  reached  as  is  obtained 
by  starting  with  the  lactone, 

The  cause  of  the  phenomenon  is  found  in  this  fact,  that  in 
aqueous  solution,  both  the  acid  and  its  lactone  suffer  a  recipro- 
cal decomposition  which  goes  on  very  slowly  and  continues 
until  a  condition  of  equilibrium  is  reached  when  the  liquid  con- 
tains both  substances  in  definite  proportions.  This  ratio 
varies  with  the  temperature,  and  in  such  a  manner  that  with 
elevation  of  temperature  there  is  an  increase  of  the  hictone 
molecules,  and  therefore  of  the  rotation.  On  cooling,  the 
rotation  decreases  to  its  former  value. 

The  velocity  relations  in  the  conversion  of  the  oxy-stilts  into 
their  lactones,  and  the  reverse,  have  been  studied  especially  by 
P  Henry1  who  made  use  of 

y-oxybutyric  acid  and  Inrtwii 

CH.OH—  (CH,),—  COOH        CH,—  fCII,).  -CO 

I  «)  I 

•y-oxyvaleric  acid  ami  liiftunr 

CH.-CH.OH—  (CH,),—  COOH        Oil,    CII-tCH,),    CO 

1        o       I 

in  which  case  by  titrations  the  following  relations  were  found  : 
a.  The  transformation  of  the  oxy-adtls  into  luelones  is 
hastened  by  addition  of  acids,  which  act  cattily  tioally.  The 
velocity  is  expressed  by  the  equation  eomjspoiidintf  to  a 
reaction  of  the  first  order, 

die 

~di    CM-*'). 

in  which  A  represents  the  original  amount  of  oxy-ndcl,  x  the 
amount  of  lactone  formed  in  the  time,  /,  and  C  the  constant 
of  the  reaction.  It  was  found  that  different  add*  added  act 
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with  an  intensity  proportional  to  their  affinity  coefficients.. 
X-Oxybutyric  acid  is  transformed  only  partially,  but  with 
y-oxyvaleric  acid  the  reaction  is  complete. 

b.  In  the  case  of  spontaneous  transformation  of  the  oxy- 
acids  into  lactones,  the  relations  observed  correspond  to  the 
assumption  that  the  oxy-acid  still  remaining,  at  any  moment, 
can  accelerate  its  own  conversion  ;  that  is,  autocatalysis  comes 
into  play.  The  above  formula  no  longer  holds  good,  since  in 
this  case  the  velocity  of  the  reaction  is  proportional  to  the 
amount  of  acid  not  dissociated,  that  is  to  C  (  A  —  x)  ,  con- 
sidered as  an  indifferent  body,  and  also  to  the  dissociated,  cata- 
lytically  acting  acid,  which  at  any  moment  is  equal  to 
y(A  —  x),  where  y  is  a  certain  function  which  expresses  the 
number  of  H-ions  The  complete  expression  for  the  velocity 
is  given  then  by  the  equation  obtaining  for  a  reaction  of  the 
second  order, 


which  was  found  to  give  values  for  C  in  accord  with  the 
results  of  experiment  For  the  derivation  of  y  the  original 
paper  must  be  consulted.1 

c  Addition  of  bases  to  the  solution  of  the  lactone  hastens 
the  conversion  of  the  latter  into  acid  When  the  two  bodies 
are  mixed  in  equivalent  proportions  the  velocity  of  the  reaction 
corresponds  to  the  equation, 


It  was  found  that  the  activity  of  the  bases  is  proportional  to 
the  intensity  of  their  basic  character 

Observations  —  On  the  multirotation  of  oxy-  acids  and 
lactones  the  most  important  results  are,  in  the  main,  the  follow- 
ing, and  among  these,  those  concerning  saccharic  acid  are 
given  first,  because  here  the  condition  of  equilibrium  referred 
to  above  is  most  clearly  discerned  (c  =  concentration  in  100 
cc.).' 

i  See  also  H.  Jahn  :  "  Gruudriss  der  Etectrochemie,"  (1895),  p  118. 

s  In  the  calculation  of  the  specific  rotation  of  the  several  solutions,  which  contain 
acid  and  lactone  at  the  same  time,  it  ia  necessary  to  express  the  concentration  in  terms 
of  either  one  or  the  other  In  each  case  it  is  stated  to  which  bodies  the  numbers 
given  refer. 
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I. 


d-Saccharic  acid? 


Acid  ammonium  salt  with  HC1, 
c  =  4  634  acid  =  4  2^7  lactone 


Saccharic  acid  l&ctone, 
CBHHO7. 

d          n        7 

Weighed  directly 
r  —  10  213  lactone 


•••+37.9° 

After 

i  day  

H.O 

After 

4  days  

323 

d 

2  days  

13-2 

ii 

6     "        

305 

i. 

4    "     

15-5 

u 

ii     " 

26.3 

u 

5     "     

u 

13     "    

24.9 

II 

6     "... 

17.2 

u 

i?     "       

24  i 

II 

8    "     

18.5 

u 

24    "    

23  2 

<l 

12      "      .... 

....        20  5 

1C 

27     "    

23  I 

It 

14    "     .... 

...  .        208 

II 

31     "    

22.9 

II 

29    "     ...  • 

....          22.7 

(1 

35    "     

22  9 

Calculated 

II 

39    "     

22  8 

for  C6HHO7 

(1 

56     "      

22.5 

Calculated  for  C,,HKO7. 

With  norisosacchanc  acid,  C6H]0OM,  and  isosacchanc  acid, 
C6HSO7,  almost  the  same  rotation  is  like  wise  found  after  warm- 
ing the  solutions  (+'49  to  +  52)  2 


2.        Rhamnomc  acid, 
C,H,06 

btroiitium  salt  and  HC1 
r  =  6  204  acid 


After 


Rhamnomc  acid  lactone 
CUH1005. 

Weighed  directly 
c  =  5  6Ho  lactone  =  5  960  acid 


-    77° 
ii  i 
158 


>at} 


^93 
294 

29  2 

34-3 

307 
30.1 
30.1 


At  once 

After  i  day. ... 

"     2  days 

K     _     u 

o  •»•••« 

"     }  hour  heated- 
"    3  days  ...     . 


•  -  34-3° 
343 
337 
337 

..        34-8 
340 

Calculated 
for 


10   minutes 
"       18          "       , 

"       33          "      - 
"         2    hours     • 

"         35     " 
"        3    days 

"         5      " 
Heated    \    hour 

100°  and  cooled 
After  i  day.. 

"     3  days 

"     5     "•• 
(  Calculated  for  CBH12OB 

It  appears,  therefore,  that  m  the  condition  of  equilibrium 
the  liquid  contains  mainly  the  lactone,  and  that  probably  the 
latter  is  not  transformed  into  the  acid  at  all." 

*  Sohst  and  Tollens    Ann  Chem  (lyiebig),  345,  10, 12 

*  Tiemann :  Ber  d  chem  Ges  ,  37,  137 

*  Schnelle  and  Tollens :  Ann  Chem.  (tiebig),  a?i,  72  f 


THE 


d-Glnconic  add,1 
C(1H1207. 


Gluconic  acid  lactone, 


Calcium  salt  with  oxalic  acid. 

At  the  beginning.  .   ..          —1.74° 
After  14  to  21  days.  .   •  -(-  10  to  12 

c  —  7  5  lactone 

IXU 

After  10  minutes  +  55  9° 
<  i     j  da  v  «-    --   -'—  •*"  ^ 

11     8  days  
"    n  days  

...  +360 
•   ••  -h336 
4-  180 

Calculated  for 
C»H,  ,O. 

Calculated 

The  conversion  of  the  lactone  into  the  acid  takes  place,  there- 
fore, very  slowly  and  after  forty-seven  days  is  not  yet  complete. 
It  may  be  further  remarked,  as  with  rhamnonic  acid,  that 
heating  the  acid  leads  to  increased  formation  of  lactone. 


d-Galactomc  add,1 
C,,H,A 

Calcium  suit  with  HC1 
i    -  7  s?  acicl 


Galactomc  acid  lactone, 
QiHi.Ai- 

Weighed  as  hydiatc 

CiiHuAi   I   H»O     c  --  6  85 


Aftei  10  to  15  min 

' '      5  hours 

1 '      6  days    •  • 
"     15  days.   . . . 

Heated  to  100° . . . 

After  14  days  .   . .  . 


0], 

[«U 

-  10  6° 

Aftei  ro  min 

.    .  -64.2' 

13-8 

1  '       24  hours  

637 

39'  2 

"      warming 

.  -639 

45-9 

2   i  --  7  o 

CO  T 

gc  f 

oy  / 

C7  n 

.  .    —  6/1  i 

Calculated  for  C,,HUO7. 


Calculated  for  CBHUOT 


With  many  bodies,  the  following  for  example,  the  observa- 
tions are  still  incomplete 


Arabonic  acid, ' 


Arabonic  add  lactone* 

Q.HA. 


Stiontiimi  salt  and  IIC1 
c   -  3.46  acid 


After  10  mill..- 

"  4  hours  . 

"  6  hours  . 

"  20  hours- 

11  2  days  .. 


<*]  P 
.50° 
—  30.0 

370 

45-0 

-  45-9 


Weighed  directly 
r    -  9  749  lactoiie 


M. 

-  65 


After  14  hours 


"     2  months 48.2 

Calculated  for 

C6H1008. 

i  Schnelle  and  Tollens;  Ann,  Chem.  (rviebig),  371,  74. 
a  Schnelle  and  Tollens,  Ibid.,  371,  at, 

*  Alleft  and  Tollens1  fbid.,  a6o,  312, 

*  Fischer  and  Piloty  Ber.  d  chera.  Oes,,  34,  4319. 


l/> 
359° 

-659 

Calculated  for 
C0H10Oa. 

(—739 
calculated  for 

C5HHOfi.) 
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6.  Xvfonic  add,1  Xy  Ionic  acid  ladone 

"C5HW0«.  CeH805 

Observations  on  the  acid  only  have  been  made 

Strontium  salt  and  HCL    c=  $  428  C5Hj0O(s 

After       i«>  nun.        4  hours        6  hours       20  hours      later      2  months 
[or]  ,         —  71  o  4-71          +  17-2        +  *7-5  +  20.9°. 

7.  Saccharinic  aad,  Saccharin, 

C«HI8O6.  C6Hi0Og. 

For  saccharin  (V  =  10  4)  there  was  found  : 

After  8  mm.  3  days  4  days          7  days  u  days 

[a]  -   94.2  -r  90.7  +  90  5         -I-  88  9  -f  88.7°. 

The  changes  in  the  rotation  of  saccharmic  acid  (salts  of  the 
acid  with  HC1)  have  not  yet  been  investigated. 

Isohaccharm  (c  —  10,  [or]^  =  +  63°)  and  inetasaccharm 
(r  —  10,  [a]P  —  —  46.7°)  show  constant  rotation.'2 

8  ft-  Glucoheptomc  acid  lactone?  C7H  UOT 

f    -  10  422  after  20  mm,  24  hours 

[a]/>=  —792  —677°. 

y  Anhydrides  of  d-  Lactic  Acid,  C,HfiO,. 

7  3         O         S 

As  Wislicenushas  shown,  the  right-rotating  acid  leaves  on 
concentration,  products  which  contain  certain  amounts  of  the 
strongly  left-rotating  anhydride,  CflH10Q5,  and  probably  the 
Betide,  LfiH.A  These  last,  when  brought  into  aqueous  solu- 
tion, pass  gradually  back  into  lactic  acid,  which  may  be 
recognized  by  the  fact  that  after  neutralization  the 

' 


nu    at'      T  C°nSe™  °f  *-<  the  «« 
inaeabeh,  but  at  the  ordinary  temperature,   this  increase 

appreciable  only  after  some  months 

< 


mtation  must  be  smaller 
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m  loocc 

+  0.41° 

«         Q                 "              

+  2-85 

+  2.91 

+    T     Mn 

1  '  M.  davs  

L43 

-L.   T    H* 

Among  bodies  of  Class  II  it  is  found,  without  exception,  that 
the  lactones  possess  a  much  stronger  rotating  power  than  their 
corresponding  acids  In  the  constitution  of  the  two  groups, 
there  is  a  marked  difference,  as  we  haVe  for  example  : 

Saccharic  acid  Saccharic  acid  lactone 

CO    OH  CO  .  OH 

CH  .OH  CH  .  OH 

CH  .  OH  ,CH 

CH  .  OH         /  CH  OH 

I  0<    I 

CH  OH         \   CH  OH 

co  OH        x:o 

The  higher  rotation  of  the  lactone  may  be  attributed  to 
the  ring  structure  contained  m  it  See  §  84 

Furthermore,  it  has  not  been  shown  in  all  cases  that  the 
„  decrease  in  rotation,  which  is  observed  with  the  lactones, 
depends  on  hydration.  In  the  case  of  the  >8-glucoheptonic 
acid  lactone,  referred  to  above,  Fischer  was  unable  to  discover 
any  gradual  formation  of  acid  Besides,  the  change  in  rotation 
may  take  place  in  solutions  which  are  not  aqueous  This  was 
first  observed  by  Colson1  with  the  anhydride  of  diacetyl  tar- 
tanc  acid,  which  showed  at  first,  in  acetone,  a  rotation  of 
-f  12°,  and  after  half  an  hour  only  +  IO  l8° 

///  Mulhrotation  of  a  Few  Other  Substances 

76.  Here  we  have  the  following  bodies 

Formylfenchylaimne,  C10H17  NH.HCO  —A  solution  in  chloro- 
form showed  a  decrease  m  rotation  which  ceased  after  12 
hours.2 

i  Colson    Bull  Soc  Chun ,  (3)  7,  805 
*  Bmz  Ztschr  phys  Chem  ,  ia,  726 
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/OH  (i) 

/-  I  L\v~hfn2ylid€nefenchy  famine  ,  C6HX          _ 

CH  =•  N.C10H,7  (4) 

With  a  solution  in  chloroform   {p  =  1.28,  d  =  1.4905)  there 
wa«»  found-1 


For  the  fresh  solution  .........    [a]  $  =  +  77° 

After  iS  hours  ...............      arg  =  -f  72 


dissolved  in  water.  —  Pribram  observed  that  a  solu- 
tion of  20.169  per  cent,  strength,  with  a  densit}*  of  1.0149, 
«,  hen  allowed  to  remain  in  the  polarization  tube  at  the  ordin- 
ary temjjerature,  exhibited  the  following  increase  m  rotation- 

MV       Ws 

for  I  =  3  999  dm 

Fresh  solution  ..............  .....  —  7.188°  —  8781° 

After  12  hours  ...................         7.623  9313 

VfteriShours  ..................         7903  96.55 

-liter  48  hours    .................         7  904  96  56 

According  to  Pnbram,  this  phenomenon  depends  on  the 
formation  of  a  hydrate,  since  nicotine  and  water  mix  with 
marked  evolution  of  heat.  In  freshly  prepared  20  per  cent. 
solutions,  the  conversion  does  not  seem  to  be  completed  at 
«mce  hut  to  require  a  certain  time.  From  the  increase  in  the 
rotation  it  must  be  concluded  that  the  hydrate  is  more  active 
than  the  pure  base  •' 

G.  Relations  Between  the  Amount  of  Rotation  and  Chemical  Con- 

stitution 

77.P»«mfa«yH«n«ta.-A  large  number  of  investigations 
ta«  been  earned  out  with  these  relations  in  view,  but  up  to 


Very  «H*«*«y  results 


-  ~—  .?-"-«ai..ug   very  satisfactory  r< 

in  e-tabhshmg  the  rotating  power  of  groups  of  bodies  of 
chemical  constitution,  certain  regularities  could  be  recog 
mt  almost  always  these  were  clouded  by  exceptions  fore  or 

B*r  d.  chem.  Gcs ,  ao,  1847 


DOTATION  ANIT  CHESMlCAI,  CONSTITUTION    * 

*  „  ' 

is  in  a  large  measure  dependent  on  the  concentratl©*  &g 
on  the  nature  of  the  inactive  solvent,  and  such  bo^ 
quently  cannot  be  brought  into  comparison.  Inves 
is  largely  limited,  therefore,  to  active  liquid  bodies,  ai 
here  there  may  be  sometimes  doubts  as  to  their  apphc 
If,  m  their  preparation,  high  heat  is  applied,  or  a 
reaction  ensues,  a^partial  racemization  of  the  product 
sible,  and  in  this  case  too  low  a  result  for  the  rotation 
obtained.  (See  §  28  and  29.) 

The  reliability  of  the  numerical  value  given  for  the  s 
rotation,  if  of  a  liquid  substance,  may  be  tested  by  exai 
several  preparations  made  by  different  processes  I 
direction,  Purdie  and  Williamson1  have  carried  out 
experiments  with  esters  of  malic  and  lactic  acids,  whid 
made  • 

1  By  action  of  alkyl  iodides  on  the  silver  salts  of  the 

2  By  esterification  of  a  mixture  of  acid  and  alcohol 
of  hydrochloric  or  sulphuric  acid 

By    using     also    some    observations   of   Walker,-    a: 
Anschutz  and  Reitter,1  the  following  results  were  obtaim 

MAUC  ACID  ESTERS 


Silver  salt 
method 

Acid  method 

Purdie  and 
Williamson 

MS' 

Purdie  and 
Williamson 

MS" 

Walker 

Wff 

Ansc 
andR. 

[«: 

Methyl  malate  
Ethyl  malate  .... 
N-Propyl  malate  .  •  • 
N-Butyl  malate.  •  •  • 

—    734 
—  12  42 
—  1370 

—  12.20 

—  1034 

-  685 

—  10  l8 
—  II  62 

.. 

—  n 
—  I 
—  II 

Ethylacetyl  malate 
Ethylbutyryl  " 

—  2300 
—  22.70 

—  2158 

i 

—  2252 
—  22.22 

—  2' 

. 

Purdie  and  Williamson    J  Chem  Soc ,  69.  818  (1896) 

Walker :  fbtd  ,  67,  914  (1895) 

AnschUtz  and  Rentier   Ztschr  phys  Chem ,  16,  493  (1895) 
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LACTIC  ACID  ESTERS 


Silver  salt  method 

Walker 

Purdie  and 
Willitimscm. 

"    1346 
An  Rt 

—  14.52 

f    +21  21     \ 
\           21.78     / 

Ethylscetyl  lactate  ••••••«•••• 

49.07 

Acid  method. 


Purdie  and 
Willimnnou. 


10.33 
49.75 


"f 


The  silver  salt  method,  with  the  simple  esters,  gives,  accord- 
ingly, somewhat  higher  values  than  the  acid  method.  The 
lower  rotation  of  the  esters  made  by  the  latter  method  was  not 
due  to  any  racemization,  since  it  was  found  that  the  acids 
separated  from  them  showed  no  lower  rotation  than  those 
originally  employed.  Besides,  in  the  preparation  of  the  above 
esters  no  high  temperatures  were  applied  (not  above  100°); 
in  other  cases  possibly  greater  differences  will  be  noticed 

As  a  further  cause  of  the  uncertainty  in  the  specific  rotation 
of  liquid  bodies,  possible  changes  in  the  products,  thiough 
polymerization,  have  been  suggested.  But  as  has  been  shown, 
however,  in  §  62,  the  effect  of  this  reaction  on  the  rotation  has 
not  been  demonstrated  with  complete  certainty.  This  has  been 
confirmed  lately  by  an  observation  made  by  Walden1  on  the 
diamyl  ester  of  itaconic  acid,  as  it  was  found  that  this  sub- 
stance, in  spite  of  gradually  increasing  polymerization,  still 
showed  no  indication  of  any,  or  at  most  of  only  an  unimpor- 
tant change  in  the  optical  activity  In  different  conditions  this 
compound  gave  the  following  rotations  for  a  layer  i  dm  in 
length- 

Freshly  prepared,  mobile  liquid a          |   4  80° 

After  2  months,  thick  liquid,  stringy *  ?' « 

Completely  hardened,  colorless  glass J|^ 

To  test  the  relation  between  rotating  power  and  chemical 
constitution,  the  esters  of  active  amyl  alcohol  have  been  fre- 
quently employed.  These  have  all  been  made  from  commercial 
left  rotating  amyl  alcohol  of  different  degrees  of  activity 

'  Walden   Ztscht  phy,  Chem.,  ao,  383  (1896)  «CWVUy 
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r 

(for  example,  \*]0  =fe>  *~  4,5°,  Gay*,'  —  4,/86 
Such  preparations  always  contain  a  certain,  but  riot  detefmSi 
able,  proportion  of  inactive  isomers,  and  are  comparable 
among  themselves  to  a  limited  extent  only  when  secured  from 
the  same  crude  product.  The  different  isomers  of  the  crude 
amyl  alcohol  appear  to  be  attacked  by  chemical  reagents  to 
not  essentially  different  degrees,  since  Guye  and  Chavanne1 
found  that  the  alcohols  recovered  by  saponification  of  several 
esters,  possessed  a  rotating  power  scarcely  changed  from  that 
of  the  original. 

In  the  following  comparisons  when  bodies  of  different  com- 
positions   are    dealt  with,    the   molecular  rotation,    \M~\  = 

[or],  is  always  employed,  while  for  isomers,  the  value  [a] 


100 

is  sufficient. 


/  homenc  Bodies 


An  idea  of  the  relations  obtaining  here,  may  be  obtained 
from  the  following  observations 

78.  a.  Metamerism,.     Structural  Isomensm 

i    Translocation  of  the  Active  Radicals 

Anijlacetic  acid JVj^^-f-   8  53  ^Walden    Ztschr  phys 

Ainylacetate     +    2  50  I      Chem  ,  15,  638 

Diamylacetic  acid -)-  18  27  ^  Walden    Ztschr  phys 

Amylamyloacetate +701)     Chein  ,  15,  638. 

,    ,  ,     ,  D  ^  Guye  and  Chavanne 

Methyl  valerate        +  1683}     /rcll.  phys  nat ,  [4], 

Amyl  formate.   .  +    2  01  f         ri  F  J  LHJ> 

J      J»  54 

In  these  cases  very  marked  differences  appear. 

2.  Alcohol  Radical  Active     Isomensm  in  the  Inactive  And  Radical 
Amyl  normal  butyrate ....  [«]  D  =  +    2  97  \  Walden    Ztschr.  phys. 

Amyl  isobutyrate +    2  83  J      Chem.,  15,  638. 

Amyl  normal  brombutyrate-  +    2. 27  \Walden    Ztschr  phys 

Amyl  isobrombutyrate +    2  53  J     Chem  ,  15,  638 

The  differences  m  rotation  are  small. 

3.  Alcohol  Radical  Inactive.    Isomensm  in  the  Active  Add  Radical. 
Methyl  normal  butyryl  malate  \a\D  —  —  22  44  "I  Walden :  Ztschr.  phys. 
Methylisobutyryl  malate —  22.36  /     Chem  ,  17,  245 . 

i  Guye  and  Chavanne-  Bull  Soc  Chun  ,  [3],  15,  375  (l89<5) 
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Ethyl  normal  butyryl  malate  .  .  —  22  22  \  Walden  .  Ztschr  phys. 

Ethylisobutyryl  malate  .......  —  21  99  J     Chem.,  17,  245. 

Ethyl-a-brom  normal  butyryl  i      ^^  ,  z 


Ethyl-a-bromisobutyryl  malate  —  22.57 

The  differences  are  likewise  very  small. 
4     Acid  Radical  Active    Isomerism  in  the  Inactive  Alcohol  Radical 

Normal  butyl  valerate  .......    [a],  =  +  10  60)  ^   "*    C^ 

Isobutyl  valerate  ............    L   ^      +  10  48  j     ^pt.    rend  , 

,    ,  \  Frankland    and    Mac 

Normal  propyl  glycerate  .....  -1294!     G  Jp     Chem 

Isopropyl  glycerate    ........  -ii 


Normal  butyl  glycerate  .....  —  u  02^  Frankland    and     Mac 

Isobutyl  glycerate  ..........  —  14  23  j-     Gregor     J.     Chem 

Secondary  butyl  glycerate.  .  .  —  10.58^     Soc  ,  63,  524. 

Normal  propyl  malate  .....  —  n  62  \Walden.  Ztschr.  phys 

Isopropyl  malate  ..........  —  10.41  f     Chem  ,  17,  245. 

Normal  propyl  tartrate  ......  +  29.1  1  \  Freundler.  Ann.  chim 

Isopropyl  tartrate  ...........  +34-83^     pliys  ,  [?]  i  3,  433 

Normal  butyl  diacetyl  tartrate  +    8.0  \Freundler.  Ann  chirn 

Isobutyl  diacetyl  tartrate  ....  +  17  o   J      phys  ,  [7],  3,  433 

Normal  buty^dipropionyl  tar-  ^      |  Freundler:  Ann.  chim. 

Isobutyl    dipropionyl  tartrate  +114-'     phys<1  ^'  3l  433 

Normal     butyldibutyryl    tar-  -\  ^         ,.        .          , 

3          J  J  .     .       }  Freundler.  Ann  chim. 

trate    ...................  +    o.o    >•       ,         _  . 

Isobutyl  dibutyryl  tartrate  ..  -f    8  5   J     ptiyS  '  L7Jl  3>  433 

The  iso  compounds  show  sometimes  a  higher,  sometimes  a 
lower,  rotation  than  the  normal. 

b    Position  Isomerism  vn,  Bensene  Derivatives 
79-  A  number  of  investigations  have  been  carried  out  to 
determine  the  influence  of  the  o,  m  orp  positions  of  an  active 
and  inactive  group,  or  of  two  active  groups  in  disubstituted 
benzene  derivatives. 

i    H  Goldschmidt  and  Freund1  have  determined  the  specific 

rotation  of  the  following  solid  bodies  from  chloroform  solu- 

tions,  the  per  cent    strength,  p,  within  each  group  being 

nearly  the  same. 

In  some  groups  the  compounds,  C6H8.R,  were  investigated 

1  Ztschr  phys  Chem.,  14,  394  (1894) 


to  determine  the  effect  of-  the  addition  of  CH,  by  c 

^JX  >  )  f  .       * 


The  differences  show  the  increase  or  decrease  in  molecular 
rotation  from  one  member  to  another.  «/^% 


/-Amylphenyl  carbaminate 

|_~J  JJ          b**-""  JSZ7         ~ 

I. 

•  •  -r    H  *yr 

T 
f 

o-./ 

59 

-  2.a 

^5-3 

P-  "  L^^^NH  COO 

•QHuJ 

+   447 

8.5 
9-9 

+  26 
+  14 

/-Menthylpherryl  carbaminate 

f 

II. 

/-Menthyl-0-tolyl  carbaminate 

//  * 

fie  a 

—  *J.^.^ 

—190.4 

—  21 

•9 

°o-y 

"        P-  "  L         ^NH  C 

00  C10I 

[  J  72  ^ 

J 

r\J\J    tf 

+    2 

.5 

'  +317 

+ 

899 

Ill 

Carbo-0-toluido-rf-carvoxime  . 

1 

QT  n 

—  c 

.2 

"    m-       r            CH, 
.     "     p-       L  "    *  ^NH  CO  NO    C,0H 

"|+298 

i  J  +  30  8 

+ 

01.7 

88.8 
91  6 

+  7 

+    2 

I 

8 

IV 

BenzoyW-carvoxime  .... 

.  . 

.      +266 

+ 

71  7 

0-Toluyl-rf-carvoxime  

. 

.    -^  27  i 

-j- 

766 

4   4 

•9 

to  10 

p.        «         |_CbH4<CONO 

CH] 

^lO-^H-l 

.  .  +  26  9 

•      +234 

+ 

+ 

76  o 
663 

—  o& 
—  97 

f  o-Broinbenzoy  1-rf-carvoxime 



.  -  26  o 

+ 

903 

_£    0 

J  m-       "         r            Br 
P--5-S\                         C8H,^ 
[p-                  L            CO  NO 

C]oHHJ 

.  +  182 
hi49 

+ 
+ 

635 
519 

—  2O  o 

—  n  6 

(0-Nitrobenzoyl-rf-carvoxime    . 

..  .   . 

.  .    inactive 

\  m-       '  '         r           NO2 

I 

.   .  —  20  7 

+ 

649 

*>~&t     L>.         "             a    4<-ro  xrn 

r  w     1 

.    -  -    _1_   T*»    -> 

_1_ 

C  A     A 

—  105 

In  general,  the  following  relations  appear  from  these  obser- 
vations . 

a.  With  respect  to  the  influence  of  position,  the  rotation 
increases  in  the  order,    o,  m,  p,  in  groups  I,  II,  and  III,  but 
decreases  m  groups  IV,  V,  and  VI  , 

b.  The  introduction  of  a  methyl  group  is  followed  by  a 
decrease  in  rotation  m  I,  II,  and  III,  and  by  an  increase  in  IV. 

2.  The  following  esters  of  ditoluyl  tartaric  acid 
C6H4(CHS)  (CO)O— CH— COOH 

C6H4(CH8)(CO)0— CH— COOH 


*  '  *? 
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have  been  investigated  in  fused  condition  at  different  temper- 
ature by  Frankland  and  Malcolm  1 


MrthU  «t«r 


«*  i  »rtnj*ound  •  • 
me  ComjK>und.. 
#i.> 


Temp 

100° 

137° 

183° 

ff^ 

68.0 
790 

102  8 

n.o 
23.8 

-617 
—  706 
-915 

89 
209 

—  52.8 
—  61  o 
—  769 

8.2 

15.9 

[*]*-  - 

547 

—  504 

^ 

yfrz 

637 
90  o 

9.0 
26.3 

-587 
-8r5 

228 

—  695 

litre  the  rotation  increases  in  the  order  o,  m,  p,  and  the 
difference  between  o  and  m  is  always  smaller  than  the  difference 
Ixrtween  m  and/.  These  relations  remain,  true  for  the  differ- 
ent temperatures 

3  The  specific  rotations  of  the  following  bodies  have  been 
determined  by  Binz-  from  chloroform  solutions 

\*\D 

\  -  «  »x%  }*i\\i\  hdenefenchylamine  (p  =  2.5)  .......       4-  66  o 

OH  T  60 


CH  N.C1(> 
r'  Methuxvben/ylidenefenchylamine     (^—5) 

fc-H      -OCHs  "l  /  ,  187 

!>"'     CHNCJOHj  (^  =  5)     -     .        .+78.1 

4    \VaIden3  obtained  from  solutions  in  glacial  acetic  acid 


i   .  for 
al.c  acid  ih-<?-toluide 


35 


In  the  majority  of  these  isomers  the  para  compound  appears 
t-  *  have  a  greater  rotation  than  the  ortho 

But  owes  are  known  in  which  isomenc  bodies  rotate  m 
•IV^te  directions  This  is  found*  in 

^Jl!ilben       ,    ,  Meth^pHen^ety,  glycerate 

w 


JCfcem  hoc,  60,  1309(1896) 
*  to   Ztschr  ph^.  ChemTii. 
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Also  with  Uhc  isomers  in  the  santonin  group,  for  whicti  there 
was  obtained  from  chloroform  solutions: 

Santonin1 , [a]jy  =  —  171.4° 

Metasantonin -j-  118.8 

Santonide +  744,6 

Metasantomde —  223,5 

Farasantonide +  897.3 

c.  Stereoisomeric  Bodies 

80.  A/  series  of  observations  carried  out  by  Walden,*  are 
concerned  with  the  active  amyl  esters  of  fumaric  and  maleic 
acids  and  their  derivatives,  /-amyl  alcohol  was  employed  in 
their  preparation. 

Diamyl  ester  of                                 [**]*>  \J^~\D  F—M 

Fumaric  acid8 +5-93  +  15.17  , 

Maleic  acid +4.62  +11.82  ~r  3-35 

Chlorfumaric  acid8 +578  +16.78 

Chlormaleic  acid +4.03  +11.70  ~r  5«oo 

Bromfumanc  acid +5-99  +20.07 

Bronimaleic  acid +4.58  +15.36  +4-71 

Methylfumaric  (mesacomc  acid) +5-93  +  16.01             " 

Methylmaleic  acid   (citracomc  acid  ) +4.14  +11.17  +4-4 

Mean  4  50 

111  all  these  bodies,  it  is  seen  that  the  fumaroid  form  has  a 
molecular  rotation  higher  by  about  4.5  than  the  malemoid. 

On  the  other  hand,  if  we  consider  compounds  which  are 
related  to  these  types,  but  which  are  saturated  (acids  of  the  suc- 
cmic  series),  according  to  Walden,  the  above  no  longer  holds 
true,  as  seen  in  the  following  : 

Diamyl  ester  of  [«]/)  \M~\D  F—M 

/-Dimethylsuccmic  acid +3-66  +  10.47          < 

Antisuccinic  acid +  3  42  +    9.79 

Racemic  acid +337  +   9-77        _4O6 

Mesotartanc  acid +4-77  +1383 

i  Carnelutti  and  Nasini    Ber  d  chem  Ges  ,  13,  2208  (1880) 
s  Walden  •  Ztschr  phys.  Chem ,  ao,  377  (1896) 

8  Earlier  observations  of  Walden  (Ztschr  phys  Chem ,  15,638(1894))  gave  the 
following  values  for  these  bodies 

Diamyl  esters  of  [*]0  \M~\D        Diff 

Fumaric  acid     ...  +  5.69  +  14  56 

Maleic  acid +  4  35  +  "  *3 

Chlorfumaric  acid .  +  5.74  +  16  67 

Chlormaleic  acid  ...  ...  +460  +1336 

19 
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But  it  must  be  remembered  here,  however,  according  to  §  18, 
that  a  racemic  acid  ester  of  active  amyl  alcohol  does  not  exist, 
This  is  a  mixture  of  the  amyl  esters  of  d-  and  /-tartaric  acid, 
which  bodies,  since  they  are  not  reflection  images  of  eacl- 
other,  cannot  form  a  racemic  compound, 

//.  Homologous  Series 

fa.  The  relations  appearing  here  can  be  seen  from  the  follow 
ing  observations  : 

CHANGES  is  THE  MOLECULAR  ROTATION  WITH  INCREASE  OF  CH 


Atnylacetate    2.53  '  '  +   0.9 

Amyl  pnjpionate 2.77  *  +0.7 

Amyl  A -butyrate 2>69  *™  +   0.2 

AmjKV-valerate 2>52  /„  •  -f   oo 

Atnjl  A-caproate 2  4o  t  -f.   o.r 

Amyl  Ar-heptylate .".'  2"2I  4'4  —   o'0 

AtaylA'-caprylate ^  4'4'  +0<Q 

Ar-nonylate T_oc  7«  _   OQ 


, 

Amyipalmitate  .................  .....          .  'V  4'21 

Amjlstearate  ..........                    '**  4  17 

•••Valeric  acid  .............  ."V/V.""'    4.  **L  _,    4<49 

Methyl  vale^te  .................  ."'-it*  ^      +56 

Ethylvalemte  ............                           l6  8s  X9'53     Iff 

A-Propylvalemte  ...........  .V.";;;"        'J-g  'If     -   ol 

-V-Butyl  valerate  ......                 .......         "'f8  l6'82 

3'Methjlglycerate  ........  '/'.  ..........  l6  75      ~  °'C 

~ 


-  , 

9.18     I230  T-   . 

12  94         19.15  J   ^J 

13'19        2I-37  ^     <- 
Octylglycerate  .......         ............        II<3°         23  05 

*  " 


.  . 
Kthyl  diacetylglycerate  .........    -  12  04    -  24.56 

-V-Propyl  di^cetllvcet       ...........         l6'31         35  56     t 


21.00        74  76 

soc 
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6.  Methyl  malate  . .  —   6  85  —   6.88  —    7.34 

Ethyl  malate....       10.18  10.65  1242 

JV-Propyl  malate       11.62  n.6o  13.70 

JV-Butyl     malate        ..  1072  12.20 
Amyl  malate  •  •  *         9.92 
Capryl  malate  ..6.92 


Methyl  malate  ..  — u  10  .   _       — 11.15  .        o — 11.89    , 

_-,.    ,       ,  .  +  8  25             °  +  9.08             Jf  + 11.67 

Ethyl  malate....        19  35  '        °       20.23  J_     -g       23,56    '          ' 

N-Propyl  malate       25.32  '  5  97      125.29  J~  *'          29  87   ~j~     *^J 


^V-Butyl    malate          ..  26.38  ~1        »       3001    +  °'14 

Amyl  malate  ...       27.19  

Capryl  malate  .-2477 

I.  Formed  by  esterification  from  acid  and  alcohols  by  aid 
of  sulphuric  acid.1 

II.  Produced  in  same  way.2 
III.  By  action  of  the  alkyl  iodides  on  silver  malate.8 


7.  Diacetyl  malate  of       I.*           II5         I4  II.8 

Methyl —  22  92  —  22.86  —  46  76    ,  —  46.64    

Ethyl....             22  52       22  60       52  25  ~\_  549  52  43      ,  |  ™ 

W-Propyl  ...        22  85       22  68       59.40  T     6          58  96    | 

uV-Butyl....          21.88       1993       63.01       3>  57-38 


8  6Methyl  rf-tartrate +    2.14  +38  •   n  Q 

Ethyl  rf-tartrate 7-66  15  7  4.  n  , 

.W-Propyl  rf-tartrate 1244  290 

9.7Methyl  chlorsuccmate +41.42  +74-8       

Ethyl  chlorsuccmate 27.50  57.3  + 

JV-Propyl  chlorsuccmate 25  63  60.6       ' 

W-Butyl   chlorsuccmate 21.57  57-1 

Amyl  chlorsuccmate 21.56  63.1  2  act  rad. 

i  Walden   Ztschr  phys.  Chem  ,  17,  245  (i8gs) 

s  Anschutz  and  Reitter  Ztschr  phys  Chem ,  16,  493  (1895) 

»  Purdie  and  Williamson.  J  Chem  Soc.,  69.  818  (1896) 

*  Walden .  Ztschr  phys  Chem  ,  17,  245  (1895) 

6  Anschutz  and  Reitter    Ztschr  phys  Chem  .  16,  493  (1895) 

«  M  A  Pictet    Arch  phys  nat ,  (3),  7,  82  (1882) 

t  Walden    Ztschr  phys  Chem  ,  17,  245 
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io. '  Santonic  acid —    70.31  —185.6     __ 

Methjl  santonate 52-33  *45-5     __  4°  X 

Ethyl  santonate 45-35  132.4     __  I3<1 

AVpropyl  santonate 39-34  120.4          I2  ° 

Parasantonic  acid 8951  260.1 

Methyl  parasantonate 108.91  302.8 

Ethyl  parasantonate 99  98  291.9          Io«9 

AT-Propyl  parasantonate 91'2?  279.3      ~~  Ia'^ 

From  chloroform  solutions. 


•*«•*•"  h.  J  £* 

II.  Fenchylamiue  (liquid)2 —    24.89  —   38  o 

Formylfenchylaimne  (p  —  3.9) 36  56  66.0 

Acetyl          "                (/>  =  4-6) 46.62  90.7      +  24-7 

Propionyl    "                (p  =  5.0) 53.16  1109      +  2O-2 

Butyiyl       "               (^  =  1.8) 5311  n8.2      +    7-3 

Determined  from  chloroform  solutions. 

The  following  relations  appear  by  comparing  the  molecular 
rotations  of  the  above  compounds  : 

With  the  homologous  esters, « the  values  of  \M]  sometimes 
increase  and  sometimes  decrease  with  increasing  molecular 
weight  of  the  alcohol  radical. 

An  increase  is  found  in  the  esters  of  glyceric  acid  (No  O 
diacetyl  glyceric  acid  (No.  4),  malic  acid  (No.  6),  diacetyl 
l^l^?:  7)'   aDd  ta.rtari_c  acid  CNo.  8)  ;  also  with  the 


fi)  7  ^^  (N°'  0>  ^  the  fendiyl  deriv- 

A  decnate  is  found  with  the  esters  of  valeric  acid  (No    2) 
santomc  and  parasautonic  acids  (No   10) 


.         .. 


t,^,Ti'±£  W  "•""•—  —  « 

rotation.  fOUnd  whlch  Possesses  a  maximun 


1  Carneluttiand  Nasini 
-  B«u  - 


n  •    *>r  ^  «T. 
-  B«u  -  ztschr.  phy,  *        '3.  —  08*0) 
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The  geatest  change  is  found  in  going  from  the  acid  to  the 
first  ester  (Nbs.  2  and  10). 

In  Nos.  5  and  9  the  rate  of  change  is  irregular. 

///.   The  Effect  of  Linkage  of  the  Carbon  Atoms. 

The  experimental  results  on  this  are  as  follows  :- 
a.  Change  from  Single  to  Double  Bond  by  Loss  of  2  Atojns  ofH. 

82.  The  changes  of  rotation  in  cases  of  this  kind  have  been 
investigated  by  Walden1  in  a  series  of  liquid  esters  of  active 
amyl,  CH(CH8)(C2H5)~CH2—  ,  in  the  preparation  of  which 
left-rotating  amyl  alcohol  was  used. 


t  Amyl  w-butyrate 
\  Amyl  crotonate 


CHS—  CH2—  -CHjj—  CO2A  4-  2  81  +  4.43 
CH8—  CH=CH—  COaA  +4-24  4-  6.62 
CH3—  CH—  CO2A 


Amyl  ibobutyrate               | 

+  3.10    4-   4.90 

CH» 

CH2=C—  COaA 

Amyl  methacrylate            | 

4-3-51    +547 

CH8 

CH2—  COSA 

Diamyl  succinate               | 

+  376    +   9.71 

CH,—  COjA 

CH—  CO2A 

Diamyl  fumarate              || 

+  593    +1517 

CH—  CO,A 

CHj—  CO2A 

Diamyl  chlorsuccmate       | 

+  3  75    +  10  98 

CHC1—  COSA 

CH—  CO2A 

Diamyl  chlorfumarate       || 

4-5-78    +16.78 

C  Cl—  CO3A 

r                                           CH2—  CO2A 

Diamyl  methylsuccmate    | 
CH  CHS—  C02A 

+  3-76    +   9-99 

CH—  COjA 

Diamyl  mesaconate           || 
C  CHS—  COjA 

+  5-93    +  16.01 

CH2—  C02A 

Tnamyl  tncarballylate     CH—  CO2A 


Triamyl  aconitate 


—  CO2A 
CH—  CO2A 

C—  CO2A 
CHjCOjA 


4-4.01    4-15-48 


4-6.16    4-23.66 


Diff. 
2.19 


0.57 


5.46 


5.80 


6.O2 


8.18 


Walden    Ztschr.  phys  Chem  ,  ao, 
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CrfHu-A  [*U 

C8H6-CH2~CHS-C02A  +  2-26 


lAmylcmnamate      C6H5—  CH=CH—  COgA     +7.51    -f  16.36  "'3 

In  all  these  cases  it  is  seen  that  the  change  from  single  link- 
age of  carbon  atoms  to  double  linkage  is  followed  by  an 
increase  in  the  rotating  power. 

b    Change  from  Double  to  Triple  Bond  between  Carbon  Atoms* 

83.  For  this  case,  we  have  as  yet  only  the  following  illus- 
tration, likewise  from  Walden  :  x 


t  Amyl  cinnamate  C6H6—  CH=CH—  C02A  -|-  7  51  +  16.36 

\Amylphenylpropiolate    C8H6—  C=C—  CO2A        •}-  5.58  -J-  I2.o5  4'3£  f 

Here  a  decrease  in  activity  follows  "" 

c,  Change  from  a  Chain  Carbon  Compound  to  a  Cyclic  Com- 

pound. 

84.  As  van't  HofP  first  showed,  the  ring  structure  exerts  a 
very  considerable  influence  on  the  degree  of  rotation,  and  it 
may  even  change  its  sign 

Accurate  numerical  data  are  here  hard  to  obtain,  as  most  of 
the  compounds  which  could  be  considered  are  solid,  and  their 
specific  rotations,  therefore,  variable  with  the  solvent  and  con- 
centration. The  relations  which  may  obtain  may  be  seen 
from  the  following  comparison  of  two  dicarboxylic  acids  with 
their  cyclic  anhydrides: 


Diacetyl  tartanc  acid 


'water  <:=  17.95  [«]/,  —  —  23.0 

water  c—  3.76  —i  19.3 

ethyl  alcohol  c  =  7.37  —  33.6 

.  ethyl  alcohol  c=   3.27  —  21.5 

"acetone  c  =11.66  [orj^-a-H-  59.7 

acetone  c~  4.40  -j-  62.0 

benzene  c—  2.09  -}~  58.7 

>-  benzene  c=  '1.05  4-  63,1 

DibenzoyUartaricacid  f  ethyl  alcohol  c  =  4.76  [«]„«-  117.7 


Diacetyl  tartaric  anhydride 


. 

(anhydrous)  I  methyl  alcohols   4,63  _  I22 

' 
acetone  *  =   4.64  [a]  a  =  +  »4» 


Dibenzoyl  tartaric  anhy- 

1  Walden    Loc  at 

"  I^gerung  derAtomeim  Ratune,"  1804,  p 
*ictet    Jahresbericht,  1882,  p  856. 


r 
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'-*4 

In  both  of  these  cases  the  rotation  of  the  anhydride  Is  ' 
greater  than  that  of  the  acid,  and  of  opposite  direction.         t 
But  another  condition  appears  with  the  following  bodies  :* 

„  ,  .  ,.  acetic  ether     c  =  10        [aln  = 

Chlorsuccimcacid*  acetic  ether     e  L  J/> 


.  .       .    ,    ,        acetic  ether     c=io        [oi\D  =  +  3°-9 
Chlorsuccmicanhydnde      acetlc  ether     tf=B   5  J 


In  this  case  the  rotation  of  the  anhydride  is  smaller  than 
that  of  the  acid,  but  in  the  same  direction. 

If  we  compare  the  lactone-forming  acids  of  the  sugar  group 
with  the  lactones  themselves,  it  is  found,  as  pointed  out  in 
§  75,  that  the  latter  have  always  much  the  stronger  activity, 
.  As  the  true  rotating  power  of  the  acid  can  not  be  determined 

u  with  certainty    because  of    the  existence  of   multirotation, 

Alberda  van  Ekenstem,  Jorissen  and  Reicher3  have  investi- 
gated the  neutral  alkali  salts,  which  do  not  show  multirotation, 
and  from  which  the  rotation  of  the  acid  ion  may  be  obtained. 
The  lactones  were  tested  as  soon  as  possible  after  solution  so 
as  to  avoid  the  effects  of  multirotation  In  the  experiments  the 
concentration  of  the  acid  ions  was  from  2  to  6.5  grams  in  100 
cc,  and  of  the  lactones  from  4  to  10  grams.  With  addition 
of  a  few  data  from  Fischer,  Tollens,  and  others,  the  authors 
mentioned  give  the  following  table  * 

, > Change  in 

Acid  ion       I^ctone       rotation 

Ribomcacid +2°  -30°  32° 

rf-Glucomc  acid +  16  +  116  100 

/-Mannomc  acid +20  —   97  "7 

rf-Gulomc  acid —  27  +99  T26 

/-Gulonic  acid     +27  -    99  »6 

Saccharomcacid  ...i —  «  +  *52  163 

Isosaccharomc  acid —  n  +  102  113 

rf-Saccharic  acid +26  +77  5* 

Mannosaccharic  acid +    2  +  354  352 

a-Rhamnohexomc  acid +  13  +  l63  I5° 

o-Glucoheptomc  acid +  16  —  112  128 

i  Walden .  Ztschr  phys  Chem  ,  17,  245  (1895) 

s  Chlorsuccmic  acid  dissolved  in  water  has  a  much  smaller  rotation  than  in  acetic 
ether    Walden  (Ber.  d  chem  Ges  ,  a6,  215)  gives  these  values.  ^ 

Water     c=X64  +30.8 

C*=    32  +313 

s  Ztschr  phys  Chem ,  ai,  383  (1896) 

<  The  table  contains  the  mean  values  of  the  numbers  given  in  the  original  paper. 

B  This  refers  to  the  double  lactone,  i 
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The  rotating  power  of  the  cyclic  lactones  is  thus  seen  to  be 
much  stronger  than  that  of  the  acid  ion  and  often  in  the 
opposite  direction.  The  change  of  rotation  is  mostly  from 
ioos  to  150°,  but  the  numbers  disclose  no  characteristic 
regularities. 

In  carbocyclic  and  heterocyclic  compounds  high  rotating 
power  is  general^*  found,  especially  when  these  compounds 
contain  several  asymmetric  carbon  atoms,  as  is  the  case  in  the 
bodies  of  the  santonin  group  and  in  the  alkaloids,  for  example  r1 

Ta\0 
Limonene-a-mtrosochloride  in  chloroform  ....................     -$.  ,uo 

lamonene-£-nitrosochloride  in  chloroform  ..........  .  .........     ±241 

bodiaro  mtrocainphor  in  water  ...............................      ,     * 

Metasantonide  in  chloroform  ...............................  \  '_\ 

Santanide  in  chloroform  ................................  ''*'t'      , 

Parasantontde  in  chloroform  ...........................  '.'.'.'.'.'  -LI*5 

yuinidnie  in  alcohol  ..............................  'tft  .......  J~   ^ 

Tbebaiae  in  alcohol  .........................  ."."."."."."  ........         *S5 

Cuprelne  sulphate  in  water  ...........  ...........  —219 

........................  —  290 

But.  on  the  other  hand,   some  cyclic  bodies  possess  a  low 
rotating  power,  as  - 


n                                                                          .......  - 

Ben/oylhjdrochlorcarvoxime  in  acetic  ether.  ,     7'5 

^comtme  in  alcohol  .......................       ..............  +   99 

Cmchonicine  in  water  ............         "  ....................  -f  n  o 

Cocaine  m  chloroform  .....  ......'....!.]  ...................  +28.7 

Conine,  liquid  ..............  fmm'  ............................  "-16-3 


carbon  .. 


carbon  atoms.  van  -T^^L  -  f.  ™  aOCWne  °f 
m  compounds 

t  ^Ptical  effect  of  ea^nT'r.-T^1  ^^^tric 
of  the  others,  and 

to  the 


Atome 
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braic  sum  of  the  group  ifdtatidfcs,  &s  the£e  may  have  opposite 
signs. 

The  correctness  of  this  assumption,  which  lies  at  the  founda- 
tion of  all  discussions  on  optical  isomensm,  has  received  experi- 
mental proof  recently  through  work  of  Guye  and  of  Walden. 
These  chemists  made  isomeric  liquid  amyl  esters,  partly  from 
active,  partly  from  inactive  components,  in  the  following  three 
combinations  : 

I.  From  active  acid  and  inactive  alcohol. 

II   From  inactive  acid  and  active  alcohol. 

III.  From  active  acid  and  active  alcohol. 

Ester  III  contains  the  asymmetric  groups  of  I  and  II 
united,  and  the  sum  of  the  specific  rotations  of  I  and  II  must 
equal  the  specific  rotation  of  III. 

As  the  following  experiments  show  this  condition  actually 
obtains.  In  the  preparation  of  esters  of  inactive  acids  or  of 
inactive  amyl  alcohol,  the  racemic  forms  of  these  compounds 
were  used.  (On  the  racemization  of  amyl  alcohol  see  §  28.) 

AMYL  LACTATES  *  [a]  D 

I.  *-Arnyl  /-lactate —   638° 

II   /-Amyl /-lactate -f    2.64 

III.  /-Amyl  /-lactate    —   3-93 

I  +  II  =  -   3-74 
AMYI,  VALERATES  2 
I   «-Amyl  rf-valerate a/)for/=  o  5  dm  =  +    440° 

II.  /-Amyl  i-valerate +122 

III.  /-Amyl  rf-valerate +    5  32 

I  +  II  =  +    5  62 

AMYI,  a-OXYBUTYRATES  s  [a]  a 

I.  t-Atnyl  /-oxybutyrate —   85° 

II.  /-Amyl  z-oxybutyrate +    *5 

III.  /-Amyl  /-oxybutyrate —    7-3 

i  +  n  =  -  70 
AMYI,  AMYLACETATES.*  [a\D 

I   z'-Amyl  rf-atnylacetate +   436° 

II.  /-Amyl  z-amylacetate +    J54 

III.  /-Amyl  rf-at»ylacetate +   5^4 

I  +  II  =  +   5.90 

i  Walden :  Ztschr  phys  Chem.,  17,  TO.  (1895) 
s  Guye  and  Gautier    Compt  rend ,  up,  953  (1894>. 

*  Guye  and  Jordan   Compt  rend ,  lao,  632  (1895) 

*  Guye :  Compt.  rend ,  wi,  827  (1895) 
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AMYI, 

u     J 

L  /-Amyl  //-phenylchloracetate -f-  23.31° 

II,  /-Amyl  /-phenylchloracetate -f-    3.23 

III,  /-Amyl  ^/-phenylchloracetate    +  26  79 

I  +  II  =  +26.54   ' 

Laja 

I.  *-Amyl  /-mandelate —  96.46° 

II.  /-Amyl  /-mandelate +    2  76 

III.  /-Amyl  /-mandelate-  • .' —  ^  O2 

I  +  II  =  —  93<70 

L^j2> 

I.  /-Amyl  aT-chlorsuccmate _j.  21.56° 

II    /-Amyl /-chlorsuccinate _j_      ' 

III.  /-Amyl  <3f-chlorsuccmate 2'Ie 

I  +  II  =  4.  25  31 
AMYI,MAI,ONATES 


I.  t-Amyl  flT-amylmalonate •     g     ^ 

II.  /-Amyl  *-amyknalonate T        « 

III.  /-Amyl  rf-amylmalonate "r    3-4S 

;••••  +  965 

i-fn=s+  9.58 

DIAMYI,  MAI,AT^S.S  p   -, 

I.  /-Amyl  /-malate ^Jo 

II.  /-Amyl  j-malate ."."..'.'.".'."" ~"    9'92° 

III.  /-Amvl  /-malate ~^~    3<5° 

—    6.88 

DIAMYI,  TAR^RATES           f^i  «  r  -, 

I.  c-Amyl  -f-tartrate ,            „  "-   J/J 

H.  /.Amyl  /-tartmte +  r4.io°  -j.  J4.67o 

III   /-Amyl  oT-tartrate ' t    3  37  +    3-38 


DIVAI,BRYI, 


r   /  A      t  -  X    ****0***  c«bon  Atoms.  )  r/y1 

I.  /-Amyl  *-valervl  z-tartrate  ........  M 

Amvl  ^-'  ..................  2-44 


*-Am5l,-.valerylrf-tartrate  ......       ..................         +348 

/-Amyl  <f-valeryl  rf-tartrate  .....  .'.*.*.'.'.'.'  .'  ............         +    6'4« 

J  +  n 


932  (r8g6). 


ANP 

Finally,   optical  superposition  may 
following  bodies  also,  if,  on  account  of 

sition,  the  molecular  rotation  [.#/],  be  made  the  basis^F~coni- 
parison:  *  |>*/]z>1 

I.  Amyl  acetate _|_   3.25° 

II.  Amyl  acetic  acid .' -f- 11,08 

III.  Amyl  amylacetate -j-  14  02 

t  I  +  n  =  +  i433 

The  great  differences  which  appear  in  the  specific  rotations 
of  the  isomeric  sugars,  for  example  in  the  hexoses,  or  in  the 
hexonic*  acids,  depend,  undoubtedly,  as  van't  Hoff2  suggested, 
on  the  summation  of  the  effects  of  the  four  asymmetric 
groups  contained  in  them,  the  rotations  of  which  are  unequally 
strong  and  in  opposite  directions.  Observations  are  not  yet 
sufficiently  numerous  to  establish  the  values  of  the  group 
rotations,  not  even  for  the  ions  of  the  lactone-formmg  acids 
given  some  pages  back. 

IV  Dependence  of  the  Rotatory  Power  of  an  Active  Atomic 

Complex  on  the  Masses  of  the  Four  Radicals  Joined 

to    the    Asymmetric   Carbon  Atom. — 

The    Hypothesis    of   Guye. 

86. — An  attempt  to  determine  the  amount  and  direction  of 
rotation  from  the  composition  of  an  active  molecule  was  made 
in  1890,  simultaneously  by  Ph  A.  Guye3  and  Crum  Brown,* 
a  consideration  of  the  tetrahedral  form  of  the  asymmetric 
complex,  and  the  relative  masses  of  the  four  groups  being  the 
common  starting  point  in  the  discussion.  The  problem,  which 
was  handled  in  detail  and  brought  into  mathematical  form 
especially  by  Guye,8  was  well  calculated  to  arouse  great 
interest,  and  it  has  been  the  incentive  in  the  undertaking  of 
numerous  investigations. 

The  hypothesis,  as  stated  by  Guye6  in  1893,  in  general  form 
is  as  follows : 

i  Walden    Ztschr.  phys  Chem  ,  15. 638  (1894) 

a  van't  Hoff    "  I^gerung  der  Atom*  im  Raume,"  2d  ed  p  120 

«  Guye    First  paper  Compt  rend,  no,  714  (1890). 

*  Cram  Brown   Proc  Roy  Soc  Edm  ,  17, 181  (1890) 

»  Guye  Compt.  rend,  in,  745  11891) ,  U4.  473  (1892)  ,  "«.  "33.  *378, 1451,  M54  (1893)? 
119,  906  (1894) ,  130,  157,  452,  632,  "74  (1895)  These  Pans,  189:  Conferences  de  la 
Soc  Chim  ,  Paris,  1891,  p.  149  Arch.  sc.  phys  nat.  [3]  a6,  97,  *».  333  (1891)-  Ann- 
chim.  phys.,  [6],  05, 145  (1892)  Bull  Soc  Chim  ,  [3],  9,  4°3  (1893) 

>  Guye ,  Compt.  rend  ,  116, 1378, 1451. 
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r  -.  ««+  fl-nd  siffn  of  the  rotating  power 

A  c  a  measure  of  the  amount  ana  sign  w       .  °         n 

As  a  measure  01  i  ^A«rf  of  asymmetry,  P, 

of  an  active  molecule  the  so  c          /-     definedas  equal  to  the 

«,«,f  v«»  taken  which,  in  general,  may  uc  u.^.      ,_£.,. 

may  be  taKen,  wm«~  ,      diculars  from  the  center  of  gravity  of 

produc^  of  t  e       perp^      .          Qf  -symmetry  of  the  original 
a  tetrahedron  to  the  six  p  orieJitation  of  the  four 

--«.«iQr  tPtrahedron.     Accoraing  10  urc  ^ 


tetrahedron. 


in  different  ways  : 

,  If  the  tetrahedron  »  regular  and  the  ratals  are  fcmnd 
exactly  at  the  angles  of  the  3ame,  the  product  of  asymmetry 
o^fnds  only  on  fte  masses  of  the  four  groups,  a  *  .and  * 
that  is,  on  their  formula  weights.  In  this  case,  the  following 
expression1  is  found  for  P. 

n     (.a~b}(a-c}(a-1d){b:~c^^ 

==:  -  i 


n 


which  the  constant  factor  (/.  sin  a?  may  be  dropped.2 

2.  The  masses,  a,  6,  c,  and  d  may  be  situated  at  different 
distances,  /,  mt  «,  and  p,  from  the  center  of  gravity  of  the 
original    tetrahedron,    but  always    in    the  direction    of  the 
straight  lines  from  the  center  to  the  four  angles. 

3.  The  masses  a,  b,  c  and  d  are  found  at  different  distances, 
/,  m,  n  and^  from  the  center  of  the  original  tetrahedron,  and 
further,  on  account  of  their  mutual  attractions,  they  have 
undergone  lateral  displacements,  so  that  the  straight  lines,  /, 
m,  n  and  p  form  different  angles  with  each  of  the  original 
planes  of  symmetry  (txl  .  .  .  a6  for  /  ;  #  .  .  .  £8  for  m  ;  yl  .  .  .  ya 
for«;  o\  ...  rf.for/). 

The  complicated  formulas8  for  P  in  case  2  and  the  perfectly 
general  case  3  can  not  be  used  for  calculations  because  they 
contain  undeterminable  quantities  (/,  mt  n,  p  at.  .  .  ft.  .  .  y.  ,  . 
<J).     We  are,    therefore,    limited  to  formula  I,   under  the 
assumption  that  the  displacing  influences  mentioned  in  cases 
2  and  3  are  too  small  to  cause  appreciable  disturbances. 
The  above  equation  satisfies  the  conditions,  that  : 
a.  The  product  P  must  be  zero  when  two  or  more  of  the 

1  For  th*  derivation  of  the  formula,  the  original  paper  must  be  consulted. 

*  In  this,  /is  the  distance  of  the  four  masses  from  the  center  of  the  tetrahedron, 
and  c  is  the  angle  54°  44'. 

*  See  the  original  paper 
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masses,  a,  6,  c,  and  d  are  equal  ;  that  is,  when  the  asymmetry 
of  the  molecule  is  destroyed. 

b.  The  product  must  be  the  same  but  of  opposite  sign  when 
two  of  the  values  a,  6,  c,  and  d  are  transposed,  the  one  for  the 
other.  Such  a  change  corresponds  to  the  conversion  of  the 
right-rotating  form  of  a  body  into  the  isomeric  left-rotating. 

Changes  in  the  rotating  power  must  follow  parallel  with 
changes  in  the  product,  Pv  corresponding  to  variations  in  the 
weights  <z,  b,  c,  and  d.  If  the  order  of  the  weights  of  the 
groups  is  as  follows  : 


and  a  is  replaced  gradually  by  smaller  and  smaller  values,  then, 
if  the  original  body  be  assumed,  for  illustration,  as  right- 
rotating,  the  following  conditions  are  to  be  expected  : 

i.  As  long  as  a  >  b  there  must  be,  according  to  the  numeri- 
cal relation  between  them,  either  a  continuous  decrease  in  the 
right  rotation,  or  at  first  an  increase,  and  then  after  passing 
a  maximum,  a  decrease  in  the  rotation. 
2    a  =  b.     Condition  of  inactivity 

3.  a  <  b.     Change  to  increasing  left  rotation  to  a  maximum, 
then  a  decrease 

4    a  =  c.     Second  condition  of  inactivity. 
5.  a  <  c    Appearance  of  right  rotation,  which  increases  to 
a  maximum,  and  then  decreases. 

6    a  =  d.  Third  condition  of  inactivity. 
7.  a  <  d.  Increasing  left  rotation 

In  the  experimental  examination  of  these  provisions,  they 
seemed  at  first  to  be  confirmed.  Thus,  it  was  possible  to  show 
in  some  homologous  series  the  complete  or  nearly  complete 
coincidence  of  a  maximum  point  in  rotation  with  a  maximum 
point  m  the  product  of  asymmetry,  as  is  illustrated  by  the 
following  table  of  Guye  and  Chavanne1  based  on  observations 
by  Frankland  and  MacGregor2  on  the  rotation  of  esters  of 
/-glyceric  acid.  The  value  of  the  product  of  asymmetry,  P, 
is  shown  in  parallel  column,  and  multiplied  by  ioe  to  give  con- 
venient numbers  for  comparison. 

i  Guye  and  Chavanne  Compt.  rend  ,  116,  1454 

a  Frankland  and  MacGregor   J  Chem  Soc  63,524(1893)- 
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Glycerate  of 

C(COOR). 

,,„.     —  .  ...           — 

101 

-87 

73 
59 

b 

(CHSOH.) 

„  .,             I,.-  —  .  — 

31 
31 
31 
31 

(OH) 

17 
17 
17 

17 

d 

I 
I 
I 
I 

M*. 

—  II.O21 

—  ra.94! 
-   9.18 
—   480 

IXU 

-  17.9 
—  12.3 

-  5.8 

347 
358 
345 
289 

JV-Butyl... 
JV-Propyl  •  • 
Ethyl  
Methyl 

A  very  near  coincidence  in  the  maximum  points,  with  a  dis- 
placement of  only  one  term,  is  shown  in  the  following  valeric 
esters  investigated  by  G-uye  and  Chavanne." 


Valerate  of 

C(COOR) 

(CaH6  ) 

(CH8) 

A 
(H.) 

M* 

IXU 

p.  itfl. 

jAT-Butyl.  .  • 

101 

29 

15 

I 

-\   1060 

^  16.75 

351 

2V-Propyl.. 

87 

29 

15 

I 

n.68 

16.82 

364 

Ethyl  

73 

29 

IS 

I 

1344 

17.47 

374 

Methyl.... 

59 

29 

is 

I 

16.83 

19.53 

332 

Valeric  acid 

45 

29 

15 

1 

13-64 

13.9^ 

218 

Also  when  the  specific  rotations  of  the  amyl  esters  of  the 
fatty  acids  are  compared  with  their  products  of  asymmetry  we 
find.3 


• 

Mi. 

/*.  to« 

I,   T    e6 

I     J-»0O 
IOC 

*44 

•ys 

icW 

7   A(\ 

250 
->Hn 

.52 

321 

35* 

•77 

373 

•53 

374 

332 

Numerous   other    investigations     of    these    relationships 

i  Fnmkland  and  MacGregor  gave  later  the  corrected  vahifti  for  //-butyl  fflywmtt 

LTtTnu,19    Txi  ¥***  I~  "4°  (J>  Cliem'  Soc'  «8,  Ui7),  which  mcikc.  thl» 
example  unsuitable  for  confirmation  of  the  hypothesis. 
s  Guye  and  Chavanne    Compt  rend  ,  utf,  14154. 

rntett^J^K  CJavvannet.  ComP*  rend-  "9.  906.  If  the  values  of  Uu  molecular 
rotation  M  be  taken,  the  maximum  is  then  found  at  amyl  capnrUte,  that  fc,  far 
removed  from  the  maxmum  of  the  product  of  asymmetry  Wy* CBpiy *"'  TWlt  *•  ftr 


ROTATION 


CfflgttXCAI,  CONSTITUTION 


in  which  besides  Guye,1  many  chemists,3  and  especially 
Walden8  have  taken  part  led  gradually  to  the  discovery  of 
numerous  facts  which  can  not  at  all'  be  reconciled  with  the  re- 
quirements of  the  hypothesis.  The  following  discrepancies, 
especially,  were  brought  out  : 

/.  Compounds  in  which  two  of  the  groups  a,  b,  cy  and  d,  have 
the  same  weight,  and  which,  accordingly,  should  be  inactive, 
often  possess  a  strong  rotating  power.  —  Walden*  gives  many 
cases,  for  example  . 


Dimethyl  acetylmalate 
a  bed 

CCCH2.COOCH8)  (CO,OCH8)  (O  C2H8O)  (H)    - 

73  59  59  i 

Methyl  acetylmandelate 

C(C6H6)  (CO.OCH,)  (O.C2H80)  (H) 

77  59  59  i 

Ethyl  propionylmandelate 
C(CBH5)  (CO.OC.H,)  (O.CSH50)  (H)    

77  73  73  i 

Dimethyl  propionylmalate 
C(CH2.CO.OCH!0  (CO.OCH,)  (O.CsH6O)  (H)  . 

73  59  73  i 

Dipropyl  isovalerylrnalate 
C(CH2  CO  OC,H7)  (CO.OCSH7)  (O.CBH9O)  (H) 
lor  87  101  i 


—  22.9 

—  1464 


—  22.9 


—  21.7 


—  46-8 


—  3045 


-268.3 


—  50.0 


65.5 


2    A  change  in  the  order  (transposition}  of  two  group  weights, 
which,  according  to  the  theory,  should  be  accompanied  by  a  change 

i  Guye  has  introduced  another  constant  of  rotation  in  addition  to  the  specific  and 
molecular  rotation,  and  expresses  it  by  the  formula 


in  which  a  is  the  observed  angle  of  rotation,  /  the  length  of  column,  M  the  molecular 
weight,  and  d  the  density  of  the  substance  Aignan  criticized  the  applicability  oi  the 
formula  (Compt  rend.,  iao,  723) 

»  IvC  Bel  Compt  rend,  114,  3°4.,  119,  226  Bull  Soc  Chun,  [3],  7,  613,  Soi 
ColBon:  Compt  rend.,  114,  i?5,  4V  >  US,  729,  948,  116,  319,  818,  up,  65,  iao,  1416 
Bull.  Soc  Chim  ,  [3],  7,  802,  9,  i,  87,  195  Fnedel  Compt.  rend  115,  763,  994;  116, 
351  Freundler  Compt.  rend  ,  115,  509,  866  ,  117,  556  Bull  Soc  Chim.,  [3],  7,  804  ,  9. 
409,  680;  II,  305,  366,468,  470,  477-  Ami  chim.  phys  [7],  3,  487  Simon  -Bull  Soc. 
Chim,  [3],  ii,  760  Purdie  and  Walker  J  Chem  Soc,  63,  240  Frankland  and 
MacGregor  .  J  Chem.  Soc.,  63,  1416,  1430  ,  <*5»  750  Piutti  Gazz  chim  ,  a4,  II,  85. 
Binz  •  Ztschr.  phys.  Chem  ,  la,  733  Goldschmidt  Ztschr  phys.  Chem.,  14,  394 
Wallach  :  Ann  Chem.  (tyebig),  376,  316,  y** 

»  Walden  :  Ztschr.  phys.  Chem.,  15,  638  ;  17,  245,  705 

*  Walden  :  Ztschr.  phys  Chem.,  17,  245!  7"  (1895). 
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in  the  direction  of  rotation,  often  is  not  followed  by  this  effect. 
Thus,  we  have  according  to  Walden:1 


Substemce. 

Order  of  the 
weights  of  the 
groups 

Direction  of 
rotation  of  the 
snbstance 

If 

Mandelic  acid 
C(CaH5)(CO.OH)(OH)(H) 

d  b  c  d 

4_ 

Amyl  mandelate 
C(C6HB)(CO.OC6HU)(OH)(H) 

b  a  c  d 

4- 

Acetylmandelic  acid 
C(C6H8)(CO  OH)(O.C2H80)(H) 

o>  c  b  d 

Dipropyl  acetylmalate 
C(CHS.CO.OC8H7)(CG.OC8H,)(O.C2H80)(H) 
101                   87                59           i.. 
Dipropyl  chloracetylmalate 
C(CHz.CO.OC8H7j(CO.OC8H7)(O.CaH2C10)(En 
ioi                    87                  935           (i) 

a  bed 
acb  d 

+ 

- 

On  the  other  hand,  by  transposition  of  the  group  weights  a 
change  may  follow  in  the  direction  of  rotation,  while  the  sign 
of  the  product  of  asymmetry  remains  the  same.  For  example  : 


Substance. 

Order  of  the 
weights  of  the 
groups. 

Direction  of 
rotation  of  the 
substance  I 

l' 

Sign  of  the  i 
product  of  ! 
asymmetry  i 

Mandelic  acid 
C(C6H6)(CO.OH)(OH)(H) 

(i  b  c  d 

_L 

4_ 

Phenylbromacetic  acid 
C(C6H6)(CO.OH)(Br)(H) 

f  a  fi  ff 

1 
4 

Pheuylbromacetyl  bromide 
C(C8H5)(CO.Br)(Br)(H) 

1 
i 

Dimethyl  malate 
C(CH2.CO.OCH8)  (CO.OCHn)  (OH)  (H) 

n  ti  f  ft 

4- 

T 

Dimethyl  bromsucciuate 
C(CHa,CO.OCH8)(CO.OCH8)(Br)(H) 

c  a  b  d 

T 

4. 

i  Walden :  Ztschr.  phys.  Chein.,  17,  705.  The  compounds  were  made  from 
tmandelic  acid  and  had,  therefore,  a  direction  of  rotation  the  opposite  from  that 
given  in  the  table  The  same  is  true  of  the  ester  of  malic  acid. 
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j.  In  homologous  series  the  changes  in  rotatory  power  and 
Product  of  asymmetry  are  not  parallel  in  the  majority  of  cases, 
but  subject  to  manifold  deviations. 

From  all  these  considerations  it  has  become  evident  that  the 
principles  on  which  the  product  of  asymmetry  is  based,  are 
not  satisfactory  It  is  clear,  as  Guye1  also  admits,  that  it  is 
not  alone  the  masses  of  the  four  groups  which  exert  the 
influence,  but  also  their  relative  positions,  the  actions  which 
they  have  on  each  other,  their  configurations,  and  finally  the 
nature  of  the  elements  themselves  which  are  important  in 
determining  the  direction  and  extent  of  rotation.  On  account 
of  this  complexity  in  the  phenomenon,  it  is  unlikely  that,  even 
through  other  means,  will  it  ever  be  found  possible  to  discover 
the  numerical  relations  between  amount  of  rotation  and  atomic 
structure  of  the  molecule. 

i  Guye  and  Cliavanne    Bull  Soc  Chim  ,  [3],  15,  195  (1895)     Arch  phys  nat,  [4], 
I,  54  (1896) 
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Apparatus  and  Methods  for  Determina- 
tion of  the  Specific  Rotation 


87.  General  Conditions. — In  the  calculation  of  the  specific 
rotation,  the  experimental  determination  of  the  following  date 
is  necessary : 

1.  The  measurement  of  the  angle  of  rotation  a  for  a  definite 
light  ray. 

2.  The  measurement  of  the  length  /  of   the  tube  for  th< 
liquid,  in  decimeters 

3.  The  determination  of  the  amount  p  of  active  substanc* 
in  100  grams  of  solution. 

4.  The  determination  of    the   specific    gravity  d  of    tin 
solution. 

^   5-  The  determination  of  the  amount  c  of  active  substanc 
in  too  cubic  centimeters  of  solution. 

A.  MEASUREMENT  OF  THE  ANGLE  OF  ROTATION 
88    Ordinary  and  Polarized  Light-While  in  an  ordinary  ligb 
ray  the  vibrations  of    the  ether  particles  take  place  in  a 
directions  m  a  plane  perpend^ular  to  the  line  of  propagation  c 
thert^S  '  ^  °f  .pl^P°lari-d  W*  ^  vLtiols  of  tl 

• 


3Q7; 

plane  of  incidence.    The  proof  of  this  may  be  given  by  aid  of  the 
mirror  B. 


The  reflected  rays 
first    pass  through 
the    empty    vessel 
F,    the  bottom    of 
which  is  formed  of 
•&  plate  of   plane 
glass,  and  strike  the 
mirror    B    under 
the    same  incident 
angle  of  57°.     By 
means  of  the  lever 
D     and    the  rack- 
work  at  B,  B  and 
the  paper  screen  C 
may   be   rotated 
-around    a    vertical 
axis.     If  the  mirror 
B    has  a    position 
parallel  to  A,   the 
plane  of  incidence 
of  the  polarized  rays 
reaching  B  coin- 
cides with  their 
plane  of  polariza- 
tion,  and  in  conse- 
quence there  is  a 
considerable  reflec- 
tion toward  C  where 
a   bright  spot    is 
formed  by  the  pen- 
cil of  light.   On  ro- 
tating the  mirror  B, 
however,  the  inten- 


Fig  22. 


sity  of  the  light  reflected  from  it  gradually  decreases  until 
a  position  is  reached  90°  from  the  original  one,  when  it  is 
found  that  no  more  light  is  reflected  and  the  screen  C 
remains  perfectly  dark.1  The  plane  of  incidence  of  the  jays 

i  All  of  the  light  is  refracted  in  the  glass  and  absorbed  by  the  dark  back  sorface. 
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is  now  perpendicular  to  the  plane  of  polarization.  On  further 
rotation  of  the  mirror  B,  it  is  found  that  at  180°,  that  is,  in 
the  position  where  the  planes  of  incidence  and  polarization 
again  coincide  at  B,  there  is  a  maximum  and  at  270°  a  minimum 
again  of  reflection, 

89.  Rotation  of  the  Plane  of  Polarization. — Let  the  mirror  B  be 
brought  into  the  position  of  greatest  darkness,   so  that  the 
plane  of  incidence  of  the  rays  polarized  by  the  mirror  A,  and 
reaching  B,  is  vertical  to  the  new  plane  of  polarization.     If 
the  vessel  F  be  now  filled  with  a  cane-sugar  solution,  for 
example,  the  remarkable  phenomenon  is-  exhibited  in  which 
the  screen  C  becomes  suddenly  bright  and  remains  so  until  the 
mirror  B  is  rotated  through  a  certain  angle.     Now,  again,  as 
a  matter  of  course,  the  plane  of  incidence  of  the  transmitted 
rays  is  perpendicular  to  their  plane  of  polarization.     It  follows, 
therefore,  that  the  plane  of  polarization  •  of  the  rays  icflected 
through  the  sugar  solution  has  been  turned  or  twisted  through 
an  angle  equal  to  that  through  which  B  was  turned.     This  angle 
is  known  as  the  angle  of  rotation. 

90.  Iceland  Spar  Prisms. — A  pencil  of  light  may  be  linearly 
polarized  by  double  refraction  in  crystals,  especially  in  Iceland 
spar,  much  more  perfectly  than  by  reflection.     If  a  ray  of 
light  falls  perpendicularly  on  one  of  the  faces  of  a  natural  Ice- 
land spar  rhombohedron  it  is  broken  up,   on  entering  the 
crystal,  into  two  separate  rays,  unequally  refracted  and  linearly 
polarized  in  planes  perpendicular  to  each  other.     If  we  define 
as  the  optical  axis  of  the  crystal  that  direction  parallel  to 
which  no  double  refraction  and  also  no  polarization  takes  place, 
and  as  the  optical  principal  plane  of  the  incident  ray,  that  plane 
which  includes  the  perpendicular  at  the  point  of  incidence  and 
also  the  optical  axis,  then  the  principal  plane  is  at  the  same 
time  the  plane  of  polarization  of  the  ordinary  refracted  ray, 
while  the  plane  of  polarization  of  the  extraoi  dinary  ray  is  per- 
pendicular to  the  principal  plane.     This  holds  still  accurately 
true  when  the  incident  ray  instead  of  falling  vertically  upon 
the  surface  of  the  crystal  strikes  it  at  any  angle,  as  long  as  the 
incident  plane  is  at  the  same  time  a  principal  plane  of  the 
crystal.    In  the  practical  applications  of  these  rays  in  polar- 
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ization  instruments  it  is  better  to  permit  only  one  to  emergey 
in  the  direction  of  the  incident  light,  while  the  other  is  elimin- 
ated. This  may  be  accomplished  in  various  ways,  most  per- 
fectly on  converting  the  Iceland  spar  into  a  Nicol  prism. 
The  polarization  prisms,1  described  at  length  below,  are  used 
in  the  modern  forms  of  polarization  instruments  for  scientific 
as  well  as  for  technical  purposes. 

i.  Nicol' s  Prism — This,  which  is  the  most  widely  known 
type,  is  made  in  the  following  manner :  A  rhombohedron, 
abed  (Fig.  23),  the  length  of  which  is  fully 
three  times  the  width,  is  cut  from  a  clear  crystal 
of  Iceland  spar  ;  the  end  surfaces,  which  make 
originally  angles  of  71°  with  the  side  edges,  are 
polished  off  so  that  these  angles,  at  a  and  c,  be- 
come 68°,  and  then  the  prism  is  sawed  through 
in  the  direction  5',  d'.  After  the  angles  a  V  d' 
and  c  d'  b'  are  ground  down  to  90°  and  the  sawed 
surfaces  polished  they  are  cemented  together  again 
in  the  original  position  by  means  of  Canada  bal- 
sam Finally  the  side  surfaces  are  blackened  and 
the  finished  nicol  is  fastened  into  a  brass  frame 
by  aid  of  cork  The  optical  principal  plane  of 
the  prism  for  all  rays  falling  on  the  ends  is  the  plane  vertical 
to  the  end  surfaces  and  passing  through  the  optical  axis. 

In  illustration,  if  a  ray  of  light  whose  plane  of  incidence 
contains  the  optical  axis  falls  upon  one  of  the  end  surfaces, 
it  is  divided  on  entering  into  two  rays  polarized  perpendicularly 
to  each  other  In  case  the  entering  ray  makes  but  a  small 
angle  with  the  axis  of  length  of  the  prism,  the  ordinary  com- 
ponent suffers  total  reflection  on  the  cement  surface,  is  thrown 
to  the  dark  side  surface  and  is  here  largely  absorbed,  while 
the  extraordinary  component  passes  through  the  cement  and 
emerges  alone  from  the  second  end  surface  in  a  direction 
parallel  to  that  of  entrance.  The  plane  of  polarization  of  this 
emerging  ray  is  vertical  to  the  principal  plane. 

If  a  small  flame  at  some  distance  is  observed  through  the 
nicol,  under  such  condition  that  the  entering  rays  make  but  a 

i  Feussner:  "Ueber  die  Prismen  zur  Polarisation  des  I/ichtes,"  Ztschr  f  In- 
struin.,  4,41(1884).  Grosse  ' 'Ueber  Polansationsprismen,"  Ztschr  f  Instrum,  10,443 
(1890).  Halle:  "Ueber  HersteUung  Nicol'scher  Prismen,"  V  d.  D  Ges  f  Mech  u  Opt, 
143  (1896). 
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small  angle  with  the  axis  of  length  of  the  prism,  the  eye  perceives 
uniform  illumination  within  a  certain  limited  field,  and  the  pip — 


of  polarization  of  the  individual  linearly  polarized  rays  coming 
through  the  prism  deviate  very  little  from  each  other,  that  is, 
\wthin  certain  limits,  they  are  all  polarized  perpendicularly  to 
the  principal  section  of  the  nicol.      It  may  then  be  briefly  said 
(although  not  with  absolute  accuracy)  that  when  a  pencil  of 
light  passes  through  a  nicol,  the  emerging  light  is 'linearly 
polarized,  and  in  a  direction  vertical  to  the  principal  section.1 
The  plane  of  polarization  of  the  light  emerging  from  a 
nicol  can  be  found  most  simply,   empirically,    by  aid  of  a 
revolving  glass  mirror.     The  light  from  the  prism  is  allowed 
to  strike  the  mirror  under  an  incident  angle  of  57°,  and  the 
glass  is  then  rotated  around  the  rays  as  an   axis  until  all 
reflected  light  disappears.     According  to  $  88  the  plane  of 
polarization  of  the  nicol  is  now  vertical  to  the  incident  plane 
of  the  rays  on  the  mirror. 

2.  ffartnack-Prazmowski  Prism  -From  the  natural  crystal 
,b  abed  (Fig.  24),  the  prism  a'  b'  c'  d'  is  cut 
out  and  sawed  in  the  direction  a'  c'.     After 
|b'  the  surfaces  a'  b'  and  c'  d'  and  the  sawed 
surfaces  a'  cr  are  ground  and  polished  the 
latter  are  cemented  together.     The  entering 
angle  b'  a'  c'  must  vary  according  as  Canada 
balsam,  linseed   oil    or  other  transparent 
cement  is  employed.    Although  the  loss  «,f 
material  on  cutting  the  crystal  is  greater 
than  in  the  Nicol   prism,    the    Hnrtuack 
prism  possesses,  notwithstanding  its  shorter 
length,  a  much  greater  field  of  view     Ik- 


end  surfaces.    In  the  prism,  as  da" 
>y  Hartnack,  the  optical  axis  stand* 
vertical  to  the  plane  of  the  section  a'  c' .  the 

fyfinf  nlTYt*i*i«u«%<i1 j«          i        .  j  .  '          *•' 
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material  than  in  the  last  prism  is  suffered  in  that  of  Glan.  •,  On 
a  symmetrical  rhombohedral  crystal,  two  surfaces  are  ground 
down  parallel  to  each  other  and  perpendicular  to  the  optical 
axis  of  the  crystal  ABC  (Fig  25); 
vertically  to  these  surf  aces  the  prism 
ab  c  d  is  then  cut  out  and  sawed 
through  in  the  direction  b  d.  After 
the  surfaces  a  b  and  c  d,  and  the  cut 
faces  b  d  are  ground  and  polished, 
the  two  halves  are  cemented  to- 
gether. The  angle  a  b  d  depends, 
as  before,  on  the  kind  of  cement  0 
which  is  employed. 

The  Glan  prism  surpasses  the 
others  described  in  having  an  es- 
sentially larger  opening  with  corresponding  length  ,  the  field 
of  view  is  also  normal  to  and  symmetrical  with  the  axis  of 
length  of  the  prism.  This  prism  may  therefore  be  described 
as  scientifically  the  most  perfect  form,  and  for  this  reason  it 
has  come  into  use  as  the  polarizing  prism  in  all  good  instru- 
ments. As  the  optical  axis  of  the  prism  is  adjusted  parallel  to 
the  refractive  edges  b  and  d  of  the  piece  of  spar,  it  follows  that 
the  optical  principal  section  is  a  plane  through  the  axis  of 
length  and  vertical  to  the  edge  a  b. 

91.  Polarizer  and  Analyzer.— If  ordinary  light  from  any  source 
is  passed  through  a  nicol  the  emerging  light,  as  explained  in 
the  last  paragraph,  is  linearly  polarized  per- 
\       B  pendicularly  to  the  principal  section.    Such  a 

JV^  \  linearly  polarized  ray  may  be  decomposed,  like 

\  \  a  force,  into  two  linearly  polarized  compo- 
\  S*T?  nents,  vertical  to  each  other  as  regards  their 
planes  of  polarization  If  then  linearly  polar- 
ized ligiit,  the  plane  of  polarization  and  ampli- 
tude of  which  is  A  B  (Fig  26),  falls  on  a  new 
Nicol,  the  principal  section  C  D  of  which 
'makes  an  angle  a  with  A  B,  this  light  may 
be  broken  up  into  two  components,  A  E  =  A  B 
cos  a  and  A  F  =»  A  B  sin  a.  Only  the  latter  component, 
which  is  perpendicular  to  the  principal  section,  will  pass 
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through,  while  the  component  A  E,  which  is  polarized  in 
the  principal  section,  is  completely  extinguished  by  the  nicol. 
Of  a  linearly  polarized  light  ray  only  that  component  can  pass 
a  Nicol  prism  which  is  perpendicular  to  the  principal  section, 
and  this  component  is  the  smaller  the  smaller  the  angle  which 
the  plane  of  polarization  of  the  entering  ray  makes  with  the 
principal  section  of  the  nicol  If  now  the  uicol  is  rotated  all 
light  passes  when  C  D  is  brought  perpendicular  to  A  B  ;  on 
further  turning,  the  light  passing  becomes  gradually  weaker, 
and  after  reaching  90°  (C  D  parallel  with  A  B)  complete 
darkness  follows.  On  still  further  turning,  the  light  reappears 
and  reaches  a  maximum  of  brightness  at  180°,  and  so  on. 

Let  the  following  conditions  be  considered  :  We  place  two 
Nicol  prisms  between  the  eye  and  a  small  luminous  surface  at 
some  distance,  and  one  before  the  other  in  such  position  that 
their  principal  sections  are  parallel  with  the  line  of  vision. 
The  nicol  nearest  the  light  may  be  in  fixed  position  while  the 
one  next  the  eye  may  be  rotated  around  its  axis  of  length. 
The  first  one  is  called  the  polanzer  and  the  other  the  analyser 
The  light  reaching  the  polarizer  from  the  luminous  surface  is, 
after  passage,  linearly  polarized  vertically  to  the  principal  sec- 
tion.    This  next  reaches  the  analyzer     If  this  is  at  first 
turned  so  that  its  principal  section  is  parallel  with  that  of  the 
polarizer,  the  already  polarized  light  suffers  no  further  change 
in  passing  through  the  analyzer,  and  the  eye  perceives  the 
field  of  view  brightly  illuminated.     This  is  also  the  case  when 
the  analyzer  is  turned  through  180°,  which  brings. the  prin- 
cipal sections    into   parallel    position  again.     If,    next,    the 
analyzer  be  so  placed  that  its  principal  section  crosses  that  of 
the  polarizer  at  right  angles  the  polarized  light  will  be  coin- 
pletely  shut  off,  because  now  its  plane  of  polarization  and  the 
principal  section  of  the  analyzer  coincide.    The  rays  entering 
the  analyzer  behave  as  onbnary  polarized  rays  until  the  cement 
layer  is  reached  and  here  they  are  thrown  off  by  reflection, 

£n2? V"!     ™  f°re>  ^  ^  ^^  alld  the  fifild  °f  ™* 
remains  dark.     The  same  is  true  after  rotating  l8o°.     In  ail 

other  cases  in  which  the  principal  sections  of  the  two 
are  nexther  parallel  nor  vertical,  a  part  of  the  light 
analyzer  will  be  allowed  to  pass,  and  always    hat 
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which  is  polarized  perpendicularly  t<?  the,  principal  section  of 
the  analyzer. 

92.  Polarization  Apparatus. — The  apparatus  shown  in  Fig.  27 

may  be  used  for  the  observation  of  these  phenomena.    The 

horizontal  bar  d,  supported  onC(B 

a  stand,  carries  at  one  end  the 

polarizing  Nicol,  a,  in  fixed 

position,  and  at  the  other  the 

analyzer    b,    which   may   be 

turned  with  its  receptacle,  by 

means  of  the  lever  c,  around 

its  axis.     A  single  of  double 

pointer  is  turned  with  it  over 

the  graduated  circle  fastened 

also  to  the  bar,  d     Between 

the  Nicols  the  tube,  f ,  may  be 

placed,  the  ends  of  which  are 

closed  by  glass  plates. 
The  polarizer  is  first  turned . 

toward  a  source  of  light,  which 

for  the  sake  of  greater  sim- 
plicity m  the  phenomenon 
should  be  monochromatic,  such  as  given,  for  example,  by  a  Bun- 
sen  burner  and  sodium  carbonate  bead.  At  first  the  tube  re- 
mains empty.  On  looking  through  the  analyzer  and  rotating  it, 
a  position  is  easily  found  in  which  the  field  appears  at  its  greatest 
darkness  Assuming  that  the  pointer  is  now  at  o°  on  the  circle, 
from  what  was  said  above  it  will  appear  that  the  second  position 
of  darkness  will  be  at  180°,  and  the  two  brightest  positions  at 
90°  and  270°.  For  the  observations,  the  darker  positions  are 
more  suitable  than  the  light  ones,  because  with  the  former  a 
small  motion  of  the  mcol  makes  a  very  perceptible  change. 

The  position  of  the  analyzer  at  which  the  field  has  the 
greatest  darkness,  is  called  the  zero  point  of  the  apparatus.  In 
this  position  the  plane  of  polarization  of  the  light  coming  from 
the  polarizer  coincides  with  the  principal  section  of  the  analyzer. 
If  now  the  tube  f  be  filled  with  a  cane-sugar  solution  and 
placed  in  the  apparatus,  the  plane  of  polarization  of  the  light 
coming  from  the  polarizer  will  undergo  rotation  through  a 
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certain  angle,  a,  by  action  of  the  sugar  solution  as  explained 
above.     In  consequence  of  this,    the  field  of  view  becomes 
bright.     Darkness  will  come  again  when  the  principal  section 
of  the  analyzer  is  brought    into  parallel  position  with  the 
rotated  plane  of  polarization  ;  that  is,  when  the  analyzer  also 
is  turned  through  the  angle  a.      This  angle  or  may  be  read 
off  on  the  graduated  circle  and  is  equal  to  the  angle  of  rotation 
of  the  sugar  solution.     If  after  putting  an  optically  active 
substance  in  the  tube,  it  is  necessary  to  turn  the  analyzer  from  o 
in  the  direction  of  the  clock-hand  motion  to  reach  the  point 
again  where  the  light  disappears,   the  substance  is  said  to  be 
right  rotating;   if  the   analyzer    is  turned   in  the  opposite 
direction  to  reach  the  same  end,  the  substance  is  left-rotating. 
93.  Determination   of  the   Direction   and   Angle   of  Rotation.— 
With  exception  of  the  Wild  polaristrobometer,    which  lias 
four  zero  points,  all  polarization  instruments  have  two  zero 
points  180°  apart.     We  assume,  first,  that  we  have  to  do  with 
one  of  the  latter  forms.     By  the  aid  of  such  appaiatus  we  have 
to  determine  the  direction  of  rotation,  and  the  amount  of  rota- 
tion  of  an  active  substance.    After  adjusting  the  apparatus  to 
the  zero  point  and  putting  the  active  substance  in  position 
the  analyzer  must  be  turned  say,  through  +  *°  fa  certainlv 
ess  than  rSo*),  that  is,  in  the  clock-hand  diction,  to  darken 
the  neld  again.    The  angle  a  read  off  is  not  yet  necessarily  the 
angle  of  rotation;  as  regards  whole  multiples  of  +  !8o°  i    ! 
yet  quite  undetermined.     It  can  only  be  said  thai  the 
of  rotation  of  the  substance  is  equal  to  <x°  ±  n 
either  oor  a  whole  number  to  be  determined, 
thickness  of 


m  ew 

^hmeters  or  m  the  case  of  a  liquid  if  the  tube  length  is  noT 


thethickness  or  in  the         T  \  e.malayerof  ^tone-half 
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this  •  If  ft  =  —  the  substance  is  right  rotating  with  an  angle 
of  a.  for  the  full  thickness  of  layer,     If  ft  =  90°  -f-  -  then  the 

2 

substance  is  left  rotating  with  an  angle  of  rotation  equal  to 
a°  — 180°  for  the  full  thickness  of  layer. 
,  The  direction  of  rotation  of  a  liquid  may  be  very  conve- 
niently found  by  filling  it  into  the  control  observation  tube, 
with  variable  length,  of  Schmidt  and  Haensch,  to  be  later 
described  After  putting  the  tube  in  place  the  analyzer  is 
moved  to  the  position  of  darkness  ;  the  tube  is  then  length- 
ened a  little,  which  produces  a  brightening  of  the  field.  If  it 
is  now  necessary  to  turn  the  analyzer  a  few  degrees  in  the 
clock  motion  direction  to  secure  darkness  again,  the  liquid  is 
right  rotating ;  but,  on  the  other  hand,  if  the  analyzer  must 
be  turned  in  the  opposite  direction  the  liquid  is  left-rotating. 

The  determination  of  the  direction  and  amount  of  rotation 
by  aid  of  the  Wild  instrument  is  more  complicated,  because 
this  possesses  four  zero  points  90°  apart.  Under  t"he  assump- 
tion that  the  angle  of  rotation  is  less  than  ±  90° ,  the  direction 
and  number  of  degrees  of  rotation  may  be  found  by  a  plan 
similar  to  that  just  outlined,  by  working  first  with  a  layer  of 
full  length  and  then  with  one  of  half  the  length.  But  if 
angles  up  to  ±  180°  are  possible  then  a  third  length  of  layer 
of  substance  must  be  taken  which  is  one-fourth  the  first 
length.  Here  also  the  application  of  the  Schmidt  and 
Haensch  control  observation  tube  would  be  advantageous,  the 
length  being  first  contracted  to  one-half  and  then  to  one- 
fourth.  The  position  of  the  Nicol  is  then  always  observed  in 
the  first  quadrant,  between  o°  and  90°,  and  the  graduation  on 
the  circle  follows  in  this  manner,  that  in  the  case  of  a  small 
right-rotation  of  the  plane  of  polarization,  with  observations 
in  the  first  quadrant,  small  numbers  close  to  the  o  are  read  off. 
The  correctness  of  the  following  can  then  be  easily  demon- 
strated ;  if  the  reading  with  full  thickness  of  layer  is  <x°,  and 
if  further,  with  one-fourth  this  thickness,  it  is 

—  —i  then  substance  is  right  rotating  with  the  angle  a°, 

4 

=•  22.5  +  —•  then  substance  is  right  rotating  with  the  augle     90°  +  a°, 
4 
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_  45     _|_  -1,  then  substance  is  left  rotating  with  the  angle     180°  -  a°, 
4 

~  67.5  -f  — ,  then  substance  is  left  rotating  with  the  angle        90°  —  a°; 

4 
Here  the  angles  a,  90°  -f-  a,   180°  —  <*,  90*  —  a  refer  to 

the  full  thickness  of  layer. 

a.  Polarization  Instruments 

94.  Polarization  Apparatus  and  Saccharimeters. — For  the  exact 
measurement  of  the  angle  of  rotation  different  instruments 
have  been  constructed,  which,  according  to  their  uses,  are 
divided  into  two  classes.     These  are  : 

1.  The  so-called  Polariscopes  or  Polaristrobometers. — These 
are  used  for  scientific  purposes  in  the  investigation  of  all 
active  substances.     They  have  a    circular    graduation    and 
require  homogeneous  light. 

2.  The  Saccharimeters.  —These  are  specially  constructed  for 
the  determination  of  the  strength  of  sugar  solutions.     In  place 
of  the  circular  graduation,  they  have  a  quartz  wedge  compen- 
sation with  linear  scale  and  employ  white  light.     They  are 
used  chiefly  in  the  sugar  industry. 

95.  Construction  of  the  Polariscopes. — Before  taking  up  the  descrip- 
tion of  the  special  forms  of  instruments,  a  short  discussion  of 
the  requirements  in  a  good  polariscope  will  be  given,  and  also 
an  explanation  of  the  path  of  the  light  rays  through  the  appa- 
ratus *    The  following  considerations  obtain  for  all  polariscopes 
and  sacchanmjeters,  with  the  exception  of  the  Wild  instrument, 
which,  in  principle,  is  different  from  all  other  forms  of  appa- 
ratus. 

Those  optical  parts  which  all  polarization  instruments  have, 
in  common,  are  shown  in  Fig.  28.  The  light  from  the  lumi- 
nous body  A  passes  through  the  lens  B  into  the  instrument  and 
is  linearly  polarized  by  the  polarizer  C.  Immediately  in  front 
of  this  is  found  the  round  polarizer  diaphragm  D,  which  is 
focused  on.  Then  follow  the  round  analyzer  diaphragm  E, 
the  analyzer  F,  and  a  reading  telescope.  In  the  figure  an 

1  See,  also  Ifippich:  Wieu.  Sitzungsber,,  II,  85,  368  (1882) ;  91, 1059  (1885).  These 
considerations  on  the  construction  of  apparatus  and  the  path  of  the  light  rays  should 
be  carefully  followed,  in  all  more  exact  work,  if  one  wishes  to  be  certain  of  excluding; 
bad  systematic  errors  m  the  results. 
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ordinary  astronomical  telescope  is  shown  with  the  ^ 
objective  G,  the  ocular  H,  and  the  diaphragm  J, 
in  front  of  which  the  eye  of  the  observer  is  placed. 
At  the  outset,  the  parts  from  B  to  J  must  be  ac- 
curately adjusted  with  reference  to  the  axis  of 
the  instrument.     Inasmuch,  as  we  shall  presently 
see,  as  all  light  going  through  the  instrument  is 
limited  by  the  diaphragms  D  and  E,  at  any  rate 
in  the  forms  as  now  commonly  constructed,  and 
as  all  bodies  to  be  investigated  with  reference  to 
their  rotating  power  are  placed  between  D  and 
E  we  shall  understand  as  the  axis  of  the  apparatus 
from  now  on,  the  line  which  unites  the  centers 
of  the  diaphragms  D  and  E.     All  other  optical 
parts  of  the  instrument  must  be  exactly  centered 
on  this  line      Although  the  adjustment  of  the 
illuminating  lens  B  need  be  only  approximately 
correct,  the  polarizer  C  must  be  so  centered  that 
its  optical  principal  section  is  exactly  parallel  to 
this  axis  of  the  instrument.     As  regards  the  size 
of  the  diaphragms  D  and  E,  these  must  be  corre- 
spondingly smaller  than  the  cross  dimensions  of 
the  prisms  C  and  F,  so  that  a  sufficiently  broad 
border   of   about    two    millimeters  in  diameter 
around  the  edges  of  the  prisms  should  be  ob- 
scured. ; 
While  in  the  case  of  the  saccharimeters  all  the 
optical  parts  are  fixed  with  exception  of  the  ocu- 
lar H  J,  which  is  movable  m  the  direction  of  the 
axis,  in  the  polanscopes  the  parts  E  to  J  may  be 
rotated  around  a  common  axis.   This  axis  of  rota- 
tion, which  at  most  should  not  be  inclined  more 
than  a  few  minutes,  must  coincide  exactly  with 
the  axis  of  the  apparatus.     This  may  be  easily 
secured  in  the  smaller  forms  of  apparatus,  which, 
like  the  saccharimeters,  can  be  worked  out  in  the 
lathe,  but  is  realized  with  greater  difficulty  in  the 
larger  instruments,  which  are  composed  of  the 
distinct  parts  B  to  D  and  E  to  J.     It  may  hap- 
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pen  here,  that,  in  instruments  most  excellent  in  all  other 
respects, '  the  inclination  of  the  axis  of  rotation  with  refer- 
ence to  the  axis  of  the  apparatus  may  amount  to  as  much  as 
ten  minutes  or  even  more.  In  order  to  avoid  such  an  error 
the  diaphragm  D  must  be  attached  after  the  other  parts  of  the 
apparatus  are  fastened  to  the  support,  and  then,  if  necessary, 
eccentrically  with  reference  to  the  thread.  The  optical  prin- 
cipal section  of  the  analyzer  F  must  be  exactly  parallel  to  the 
axis  of  the  apparatus  and  the  axis  of  rotation,  while  the 
requirement  that  the  axis  of  rotation  must  be  at  the  same  time 
the  optical  axis  of  the  telescope  G  H  J,  is  one  which  can 
always  be  met  satisfactorily. 

But,  above  all,  care  must  be  taken  to  have  the  adjustment 
of  the  prisms  C  and  F,  with  reference  to  each  other,  a  fixed 
and  unchangeable  one,  as  otherwise  constant  variations  in  the 
2ero  point  would  result.  With  the  saccharimeters,  therefore, 
the  prism  must  be  fixed  once  for  all,  and  in  the  polariscopes 
the  optical  principal  section  of  the  rotating  analyzer  must 
remain  always  parallel  to  the  axis  of  the  instrument.  We 
have  the  following  two  criteria  by  which  to  determine  whether 
or  not  the  prisms  in  the  polariscope  are  properly  adjusted  and 
free  from  errors.  First,  the  two  zero  points  of  the  apparatus 
must  be  exactly  180°  apart ;  second,  if  a  large  angle,  say  po°,  is 
measured,  the  two  final  observation  readings  180°  apart  must 
give  exactly  the  same  value  for  the  angle  of  rotation. 

While  with  the  smaller  polariscopes  the  graduated  circle 
generally  remains  at  rest  with  the  rotation  of  the  analyzer, 
and  the  verniers  only  move,  in  the  larger  instruments  the 
graduated  circle  rotates  with  the  analyzer.'  In  order  to  elimi- 
nate the  unavoidable  errors  of  graduation  in  the  circle  the 
analyzer  is  furnished  with  a  setting  which  may  be  rotated 
independently,  or  the  shell  to  which  the  verniers  are  attached 
may  be  turned  through  360°,  which  is  easily  done.  In  this 
vay  the  zero  point  of  the  apparatus  may  be  brought  to  correspond 
°  •t*'j-fflrt  °J e  ^  drde*  and  the  rot"ti°n,  therefore,  measured 
eccent  *  ^ parts  °f the S^duation.  In  order  to  eliminate  the 

!fc!  ~ClLtha*  fc?e  axis  °f  rotation  does  not  pass  exactly  through 
the  center  of  thedisk,  two  observation  verniers,  180°  apart,  fre 
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always  attached.  Both  of  these  must  be  read  each  time  and 
the  mean  of  the  angles,  as  given  by  each  vernier,  taken  ;  of 
course,  with  the  double  reading  the  error  of  observation,  also, 
is  reduced,  Besides,  the  plane  of  the  graduated  circle  must  be 
vertical  to  the  axis  of  rotation,  otherwise,  different  values  for 
the  same  angle  of  rotation  would  be  found  on  different  parts 
of  the  graduation.  But  such  an  error  is  not  greatly  to  be 
feared,  as  it  is  not  a  difficult  matter  for  the  instrument-maker 
to  fulfil  this  requirement  in  a  satisfactory  manner. 

96.  Path  of  the  Rays  in  the  Polariscope. — If  one  wishes  to  secure, 
in  reality,  the  remarkable  accuracy  which  may  be  reached  in 
the  best  forms  of  polariscopes,  it  is,  above  all,  necessary  to  pro- 
f  vide  for  a  perfectly  correct  course  of  the  rays  through  the  instru- 
ment to  the  eye  of  the  observer     In  all  accurate  polariscopes  or 
sacchanmeters,  the  observer  focuses  on  a  field  which  is  made  up 
of  two  or  more  separate  fields,  the  illuminations  of  which  are 
compared  with  each  other.  If  full  advantage  is  taken  of  the  deli- 
cacy of  this  method  of  reading,  the  brightness  of  each  separate 
field  must  be  perfectly  uniform,  and  second,  with  the  apparatus 
at  rest,  the  degree  of  illumination  on  the  several  fields  must 
remain  absolutely  constant,  or,  expressed  differently,  the  dis- 
tribution of  the  illumination  in  the  whole  field  of  view  must  re- 
main always  uniform      Both  conditions  could  easily  be  reached 
if  the  source  of  light  were  uniform  in  intensity  throughout. 
This  is,  however,  never  absolutely  the  case,  and  it  must  then 
be  determined  how  the  rays  may  be  passed  through  the  apparatus 
in  order  that  the  two  requirements  -mentioned  may  be  satisfied, 
notwithstanding  changes  and  irregularities  in  the  distribution  of 
the  luminosity  of  the  source  of  light  itself     It  must  be  assumed, 
however,  that  every  point  in  the  source  of  light  illuminates 
equally  in  all  directions.     This  condition  will  always  obtain, 
if  the  small  surface  of  the  illuminating  lens,  and  only  such  can 
be  considered  here,  is  kept  at  a  relatively  great  distance  from 
the  source  of  light,  and  this  will  be  assumed  in  what  is  to  come. 
In  order  to  simplify  the  following  discussion  let  us  imagine 
first  the  two  polarization  prisms  C  and  I?  of  Fig.  28  removed 
and  the  two  diphragms  D  and  K  brought  close  to  the  two 
lenses  B  and  G,  so  that  we  have  essentially  only  the  luminous 
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surface  A  (Fig.  29),  the  illumina- 
ting lens  B,  which  is  now  focused 
on,  and  the  telescope  G-  H  J  left. 
We  shall  consider  first  the  path 
of  the  rays  in  the  case  in  which 
the  polarisation  prisms  are  placed 
in  parallel  light  rays.     In  order 
to  realize  this  condition  we  must 
choose  an  illumination  lens  of  long 
focus  and  place  the  luminous  body 
in  its  focal  plane.  A  is,  therefore, 
in  the  focal  plane  of  the  lens  B. 
Let  Iy  M  represent  the  axis  of 
the  apparatus      The  degree  of 
brightness  under  which  an  ele- 
ment of  surface  at  the  point  N  of 
the  illuminating  lens  is  seen,  de- 
pends on  the  cone  of  rays  a  N  b, 
supposing  the  luminous  surface 
at  A  large  enough  to  begin  with, 
and  that  all  the  rays  in  the  cone 
a  N  b  actually  pass  through  the 
reading  telescope  and  reach  the 
eye  of  the  observer.    Since  all  the 
rays  in  the  cone  a  N  b  were,  be- 
fore passing  the  lens  B,  in  the 
cone  at  N  bx,  therefore  the  bright- 
ness at  N  is  proportional  to  the 
amount  of  light  which  is  sent  out 
from  the  part  a,  \  of  the  lumi- 
nous surface       If  we  consider  a 
point  at  0,  near  the  edge  of  B, 
its  brightness  is  determined  by 
the  cone  a  O  b     Remembering 
now  that  A  is  situated  in  the 
focal  plane  of  B  it  follows  that 
corresponding  to  the  cone  a  O  b 
we  have,  before  passing  the  lens, 
the  cone  a2  O  ba,  in  which,  for 
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example,  aO  is  parallel  with  ajN.  The  brightness  at  0' 
is  proportional,  therefore,  to  the  atnoitot  of  light  emitted 
b,  L  »i  from  aj  bj  of  the  luminous  body.  flrf 

the  same  manner  the  brightness  at  3p£ 
a  point  symmetrical  with  O,  is  propor- 
tional to  the  light  emitted  from  the  part 
as  b8  of  the  luminous  body.  "We  see, 
therefore,  that  for  every  point  of  B,  the 
corresponding  part  anbn  embraces  a 
different  portion  of  the  luminous  body. 
It  follows,  therefore,  that  unless  the 
area  b2  a,,  of  the  luminous  body  Is  uni- 
form m  brightness,  the  lens  B  cannot 
appear  uniformly  bright,  and  further 
that  the  distribution  of  the  illumina- 
tion at  B,  on  account  of  changes  in  the 
luminous  body,  may  be  different  at  dif- 
ferent times  ,  but  if  the  luminous  sur- 
face is  narrowed  down  to  the  portion 
bs  &v  the  luminosity  in  every  part  of 
B  is  then  proportional  to  the  light 
emitted  from  b3  a2  Now,  whatever 
the  distribution  of  the  light  may  be  in 
the  part  b,  a2,  the  lens  B  will  appear 
uniformly  bright,  as  in  principle  it  is 
required  to  be. 

If  the  diameter  of  the  diaphragm  B 
is  represented  by  dv  and  that  of  the 
diaphragm  G  by  d»  the  distance  be- 
tween the  two  diaphragms  by  c  and  the 
focal  distance  of  the  lens  B  by/,  a 
simple  examination  shows  that  the  di- 
ameter e,  of  the  diaphragm  m  front  of 
the  light,  that  is  b3  a,,  is  determined 
by  1he  expression,  e  —/(d*  — <O  -*-*• 
If  then,  the  lens  B  is  to  appear  uni- 
formly bright,  the  objective  G  must  be  so  chosen  as  to  be  larger 
than  the  field  of  view  on  B,  and  care  must  also  be  taken  to 
shut  out  so  much  of  the  light  by  means  of  a  diaphragm  that 
ai 
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the  luminous  disk  remaining  is  smaller  thanf(d2  —  d1)  —  c. 

Essentially  simpler  and  more  favorable  are  the  conditions 
when  the  polarization  prisms  are  placed  in  convergent  light. 
In  Fig  30  let  A  again  represent  the  luminous  surface,  B  the 
illumination  lens  to  be  focused  on,  and  G  H  J  the  reading 
telescope  We  give  the  light  A  such  a  position  that  its  image 
is  produced i through  B,  at  G,  which  may  always  be  easily  done 
by  properly  choosing  B  Then  the  brightness  of  the  point  N  on 
the  illumination  lens  is  determined  by  the  cone  aNb,  equiva- 
lent toajNb!-  The  brightness  of  N  is  thus  proportional  to 
the  amount  of  light  emitted  by  at  ba  If  we  consider  another 
point  0  on  the  lens,  its  illumination  will  be  determined  by 
aOb  This  corresponds  to  a1Obl  as  a  b  is  the  image  of  a^ 
The  brightness  at  O  is,  therefore,  also  proportional  to  the  light 
emitted  by  s^bj  Bach  point  on  B  consequently  receives  its 
light  from  the  part  a, \  of  the  luminous  surface,  so  that  the 
lens  B  appears  uniformly  illuminated,  however  the  distribu- 
tion of  the  luminosity  in  the  source  of  light  may  be  changed. 
If  any  part  of  a^  be  shut  off  by  a  screen,  the  total  illumi- 
nation of  the  field  of  view,  B,  will  be  decreased,  but  the 
uniformity  of  the  light  will  remain  undisturbed.  It  may  be 
looked  upon  then  as  an  important  rule  which  should  always  be 
followed,  that  the  source  of  light  should  be  given  such  a 
position  that  its  image  may  be  thrown  upon  the  telescope 
objective  by  the  illumination  lens  B 

In  the  forms  of  apparatus  now  common,  the  entering  light 
rays  are  not  limited  by  the  diaphragms  of  the  illumination 
and  telescope  objective  lenses,  but  by  the  polarizer  and 
analyzer  diaphragms,  and  it  is  the  polarizer  diaphragm  which 
is  focused  on,  and  which  therefore  must  appear  uniformly 
illuminated.  This  will  always  be  the  case,  as  may  now  be 
readily  understood,  if  the  source  of  light  is  given  such  a  position 
that  its  image,  through  the  illumination  lens,  is  thrown  on  the 
analyzer  diaphragm?  it  being  understood,  of  course,  that  none 
of  the  ray  bundles  appearing  between  the  polarizer  and  analyzer 
diaphragms,  if  followed  back  to  the  light  or  forward  to  the  eye, 

1  To  determine  this,  hold  a  piece  of  white  paper  over  the  analyzer  diaphragm  and 
&  pointed  wire  just  in  front  of  the  source  of  light ;  then  the  light,  with  the  wire,  is 
given  such  a  position  that  a  sharp  image  of  the  point  is  produced  on  the  paper  at  the 
diaphragm  opening.  ^  • 
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suffer   a  partial  interruption     As  may  be  "shown  easily,  the 
diaphragm  /  of  the  illumination  lens  must  be  taken  greater  » 
than    (gi  -\-gk-\-  hk)  —  z,    and    on    the    other    hand,     the 
diaphragm  n  of  the  telescope  objective  must  be  larger  than 
{hi  -j-  hm  -f  gm)  -f-  z,  where  g  represents  the  diameter  of  tlie 
polarizer  diaphragm,  h  the  diameter  of  the  analyzer  diaphragm, 
z  the  distance  between  polarizer  and  analyzer  diaphragms,  k 
the  distance  between  polarizer   diaphragm  and  illumination 
lens,    and    m,    finally,    the    distance   between  the  analyzer 
diaphragm  and  telescope   objective.     As   may  be  seen,    the 
polarizer  and  analyzer  diaphragms  may  have  the  same  or  dif- 
ferent openings  ;  but,  it  is  preferable  not  to  make  the  polarizer 
diaphragm  too  small,  as    the  sensitiveness  of  the  readings 
becomes  less  with    smaller  field   of  view,    and  to  take  the 
analyzer  diaphragm  as  large  as  possible,  as  the  brightness  of 
the  field  increases  with  its  size.     As  regards  the  focal  length 
of  the  illumination  lens  it  is  desirable  to  produce  a  full-sized 
image  of  the  source  of  light  with  it,  and  this  focal  length 
should  be,  therefore,  equal  to  half  the  distance  between  it  and 
the  analyzer  diaphragm,  with  the  light  placed  at  a  distance 
from  the  illumination  lens  equal  to  the  distance  between  the 
latter  and  the  analyzer  diaphragm.     It  is  always  good  to  place 
a  screen  immediately  in  front  of  the  light,  and  to  choose  its 
size  so  that  the  image  of  the  opening  in  this  screen  on  the 
analyzer  diaphragm  is  a  little  larger  than  this  diaphragm. 

If  the  diameter  n  of  the  telescope  objective  is  taken  large 
enough,  all  the  rays  coming  from  the  analyzer  diaphragm  will 
pass  through  it,  and  it  only  remains  to  provide  that  these  rays 
actually  reach  the  pupil  of  the  observer's  eye,  as  the  two  dia- 
phragms of  the  ocular  and  eye-piece  cap  may  always  be  chosen 
large  enough.     In  order  to  secure  the  first  it  is  simplest  to 
arrange  the  construction  so  that  the  pupil  may  be  broug-ht 
exactly  in  the  plane  of  the  ocular  circle,  or,  more  accurately  stated \ 
in  the  plane  of  the  image  of  the  analyzer  diaphragm  produced 
by  the  telescope.     By  rightly  choosing  the  magnification  it  is 
easily  possible  to  keep  the  ocular  circle  within  a  diameter  of 
about  4  mm  ,  so  that  all  rays  may  pass  through  the  pupil. 
But  it  is  not  even  necessary  to  keep  the  ocular  circle  smaller 
than  the  pupil,  because  the  shutting  off  of  the  part  of  tbe 
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circle  outside  of  the  edge  of  the  pupil  will  not  alter  in  any 
manner  the  distribution  of  the  illumination  as  it  appears  on 
the  polarizer  diaphragm,  since  the  ocular  circle  is  the  image 
of  the  analyzer  diaphragm,  and  therefore,  at  the  same  time, 
the  image  of  the  source  of  light.  A  part  of  the  light  may, 
therefore,  be  screened  off  by  the  pupil,  which,  as  explained 
above,  decreases  the  total  intensity  of  illumination  of  the  field, 
but  does  not  change  its  uniformity.  But  in  order  to  keep  the 
field  of  view  as  bright  as  possible,  it  is  always  preferable  to 
keep  the  ocular  circle  smaller  than  the  pupil.  It  follows  also 
that  as  long  as  the  pupil  is  kept  in  the  plane  of  the  ocular  circle, 
changes  in  the  position  of  the  eye  'may  be  as  great  as  desirable 
without  altering  the  uniform  distribution  of  illumination  of  the 
field  of  mew  But  the  case  is  quite  different  if  the  pupil  is  not 
brought  into  the  plane  of  the  ocular  circle,  because  now  the 
bundles  of  rays  from  different  parts  of  the  field  of  view  may 
be  unevenly  screened  or  obscured  by  the  pupil,  in  consequence 
of  which  the  illumination  of  the  field  may  no  longer  appear 
uniform.  Therefore  only  astronomical  telescopes  with  con- 
vergent oculars  may  be  used,  while  the  ordinary  Galilean  tele- 
scope, in  which  the  ocular  circle  lies  within  the  instrument, 
should  be  avoided  ;  commonly  a  magnification  of  four  to  six 
diameters  is  chosen  In  order  to  be  able  to  bring  the  pupil 
with  certainty  within  the  plane  of  the  ocular  circle,  the  eye- 
piece cap  must  be  always  so  attached  that  the  circle  is  formed 
a  little  beyond  it ;  the  pupil  will  then  lie  in  the  ocular  circle 
plane  when  the  eye  is  held  pretty  close  to  the  eyepiece  cap 

If  in  this  way  a /perfectly  normal  path  of  the  light  rays 
through  the  apparatus  and  to  the  eye  of  the  observer  is  pio- 
vided  for,  no  zero  point  or  observation  errors  will  be  occa- 
sioned by  changes  in  the  illumination  flame  or  by  deviations 
in  the  rays  themselves.  It  has  thus  far  been  assumed  that  no 
rotating  substance  is  in  the  apparatus,  which  is  the  case  in  the 
zero  point  adjustment.  But  if  this  condition  is  not  true,  as, 
for  example,  when  a  substance  with  refractive  index  greater 
than  that  of  the  air  is  present  in  appreciable  length  (a  filled 
tube),  then  the  course  of  the  rays  as  outlined  will  no  longer 
exactly  hold  true.  In  order  to  focus  the  telescope  sharply  on  the 
polarizer  diaphragm,  the  eyepiece  must  be  adjusted  again,  and 


the  image  of  the  source  of  light  will  no  longer  befouled  at  the 
analyzer  diaphragm.  It  may,  however,  be  easily  provided  for 
that  the  path  of  the  light  shall  remain  perfectly  correct  when 
the  zero  point  determination  is  made  and  also  when  a  filled 
tube  is  in  position,  which  question,  however,  will  not  be  taken 
up  m  detail  at  this  time. 

The  rotating  substances  and  observation  tubes  must  be  per- 
fectly centered  with  reference  to  the  axis,  and  care  should  be 
taken  to  have  the  diaphragms  on  the  observation  tubes  some- 
what larger  than  the  polarizer  and  analyzer  diaphragms,  in 
order  that  none  of  the  light  rays  normally  in  the  field  of  view 
may  be  screened  off.  Finally,  it  may  be  remembered  that  it  is 
an  error  to  place  lenses,  or  glass  vessels  with  absorbing  liquids 
to  purify  the  light,  between  the  polarizer  and  analyzer. 

97.  Making  the  Observation. — In  order  to  avoid  repetitions  in 
the  descriptions  of  apparatus,  the  general  method  of  carrying 
out  an  observation  will  be  explained  here  Take  first  the  case 
of  measuring  the  angle  of  rotation  of  a  substance  with  an 
instrument  which  has  two  zero  points  180°  apart.  After  the 
light  is  so  arranged  that  a  sharp  image  of  the  screen  opening 
in  front  of  it  is  thrown  on  the  polarizer  diaphragm  by  the 
illumination  lens,  the  telescope  is  sharply  focused  on  the 
polarizer  diaphragm.  By  now  rotating  the  analyzer  several 
zero  point  observations  are  made  at  each  side  of  the  graduated 
circle,  and  in  all  more  exact  work  both  verniers  should  be 
always  read  off  After  inserting  the  rotating  substance  the  tele- 
scope is  again  sharply  focused.  On  again  making  a  sufficient 
number  of  adjustments  and  readings  on  both  verniers,  and 
then  more  readings  of  the  zero  point  after  removal  of  the 
active  substance,  we  obtain  by  subtraction  a  mean  value  of  the 
angle  of  rotation  from  which  the  eccentricity  of  the  gradu- 
ated circle  is  eliminated.  If  now  the  observations  are  repeated, 
starting  with  the  second  zero  point  180°  from  the  first,  the  same 
angle  of  rotation  should  be  found,  provided  the  polarization 
prisms  are  properly  constructed  and  centered,  and  the  angle 
of  rotation  itself  has  not  changed  Otherwise  the  mean  of 
the  two  values  must  be  taken  and  this  considered  as  the  true 
angle  of  rotation.  Between  the  different  observations  it  is 
well  also  to  rotate  the  substance  or  polarization  tube  in  order 
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to  compensate  errors  which  may  arise  from  imperfect  parallel- 
ism in  the  end  surfaces  of  the  observed  substance.  With  the 
Wild  polaristrobometer  one  must  naturally  make  readings,  in 
'all  accurate  work,  in  each  of  the  four  quadrants  of  the  circle 
and  then  take  'the  mean  of  the  four  angles  so  determined  • 
If  the  rotation  of  a  cane-sugar  solution  is  to  be  fbund1  by  the 
aicl  of  a  saccharimeter,  the  light  is  arranged,  as  before,  so  that 
a  sharp  image  of  the  front  screen  is  formed  by  the1  illumin- 
ating lens  at  the  analyzer  diaphragm.  From  the  zero  point 
reading  and  those  made  after  placing  the  polarizing  tube  in 
position,  the  rotation  is  obtained  by  subtraction.  Between 
readings  the  tube  should  be  rotated  around  its-  axis  In 
technical  .work  where  numerous  observations  are  made,  one 
•after  the  flther,  a  few  readings  are  sufficient  to  secure  exact  re- 
sults ;  n\,is  also  enough  to  determine  the  zero  point  every  hour 
In  order  l^o  keep  all  outside  light  from  the  instrument  the 
room  should  be  at  least  partly  darkened  ;  and  in  general  it 
may  be  said  that  the  darker  the  room  the  greater  is  the 
accuracy  in  observation 

a    Older  Forms  of  Apparatus, 
i.  Biot  (MitscherhcJi}  Polari scope  : 

98.  Description  of  the  Instru- 
ment.— This,  the  simplest  of  all 
polaristrobometers,  first  made 
by  Biot,  and  which  was  referred 
to  in  §92,  consisted  of  a  stand, 
polarizer,  analyzer,  and  gradu- 
ated circle  Later,  the  polar- 
izer was  provided  with  a  small 
circular  diaphragm  to  which 
the  eye  was  to  be  accommoda- 
ted, and  in  order  to  increase 
the  intensity  of  the  illumina- 
tion, a  small  double  convex 
lens  was  added  in  front.  The 
Mitscherlich  apparatus  is 
shown  in  Fig.  31.  The  two 
polarization  prisms  are  at- 
tached at  the  ends  of  a  hori- 

Mitscherlich    "I.ehrbuch  der 


Fig  31 


i  Biot     Ann    ohltn    phys ,   [2],  74,  401  (1840). 
Chemie,"  4th  ed ,  i,  361  (1844). 
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zontal  bar  of  brass  or  wood.    The  polarizer  and  the  illumina- 
tion lens  are  found  in  a  brass  tube  a,  which  may  be  rotated,  if 
necessary,  and  then  made  fast  by  turning  the  small  screw  e.  The 
supporting  frame  of  the  analyzer  b,  which  may  be  rotated,  is  fur- 
nished with  a  handle,  c,  and  two  pointers,  which  have  either  a 
simple  index  mark  or  vernier,  and  which  move  over  the  fixed 
graduated  circle     The  divisions  are  in  degrees,  and  the  read- 
ings may  be  made  to  tenths  of  a  degree.     The  polarization  tube 
may  be  laid  in  between  the  two  prisms  and  has  usually  a  length 
of  20  cm      If  the  pointers  are  furnished  with  verniers,  the 
alidades  to  the  right  and  the 
left  of  the  index  zero  are  divi- 
ded, so  that  10  divisions  on  the 
scale  equal  9°   on  the  circle, 
which  permits  a  direct  reading 
to  one-tenth  degree    In  the  ad- 
joining Fig  32,  the  zero  of  the  Flg  32 
vernier  does  not  quite  reach  the  third  degree  mark  on  the  cir- 
cle, to  the  right,   and  the  sixth  vernier  mark  is  the  first  one 
which  makes  a  coincidence    The  alidade  reading  is,  therefore, 
4-26°      A  fuither  improvement  in  the  Mitscherlich  instru- 
ment was  the  addition  of  a  small  reading  telescope  in  front  of 
the  analyzer. 

99.  Observation  with  Homogeneous  Light. — In  the  use  of  the 
apparatus  it  is  preferable  to  employ  homogeneous,  yellow 
sodium  light,  and  so  find  the  rotation  for  the  ray  H.  To  find 
the  zero  point,  the  polarization  tube  is  placed  in  position,  either 
empty  or  filled  with  water,  and  then  the  analyzer  is  turned 
until  the  position  of  maximum  darkness  is  reached  If  the 
round  field  of  view  is  at  all  large,  complete  darkening  of  the 
whole  field  does  not  occur,  but  a  black  band  is  ob- 
served,1 the  edges  of  which  grow  gradually  lighter 
(Fig  33),  and  this  is  brought  as  nearly  as  possible 
to  the  center  of  the  field  by  moving  the  analyzer. 
On  repeating  this  several  times  and  taking  the  mean  Fig  33 
of  the  readings,  the  true  zero  point  is  found  If  it  is  desired 

1  For    the    theory     of    this,    see     I/ippich,     "Ueber      polanstrobometnsche 
Methodeu,"  Wien.  Bitzungsber.,  II,  85,  268  (1882) 


POLARIZATION 

3  •     -A     «  nearly  as  possible  with  the  zero  of  the 

to  have  this  coincide  as  n       j^  necessary(  the  index  M  first 

graduation,  which  is  n  loogening  the  screw  e  (Kg.  3l)> 

*  _-L.i*r->  wofrt    3.H.Q.  T11CJU,  «**••"••  •       .1  .^ 

brought  to  zero,  *^  black  band  appears  in  the  mid- 
-.^turned unt.1  the  bla^  ^^  by  ^  ..... 


of  the  instrument 

H  now 
placed  in       ition  the 


h  thfi  active  j.     id  ig 

appears  bright  again,  and 
thro     h  a  certam  angle, 
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ottant      Concerning  the  observations  and  deter- 
SIction  of   rotations   |93  and  §97      The 

^n  error  in  the  readings  is  about  ±  o.  i  . 

This  form  of  apparatus  is  employed  at  the  present  time  only 
m  the  determination  of  rotation  dispersion. 
2.  Robiquef  s  Polariscope 

I0o     Description  of   the  Instrument.-Robiquet      made     the 
Mitsdierlich  apparatus  much  more  sensitive  by  adding  to  the 

' 
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polarizer  the  double  quartz  plate,  constructed  by  Soleil,  the 
theory  of  which  is  given  in  the  next  paragraph.  Robiquet's 
instrument  is  shown  in  Fig.  34.  A  brass  trough  with  a  sec- 
tion of  half  a  circle,  a  b,  which  may  be  covered  by  a  corre- 
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spending  lid,  c,  forming  a  tube,  carries  at  one  end  in  a  fixed 
shell  the  polarizing  Nicol,  d.  In  front  of  this  is  the  illumi- 
nation lens  e,  and  at  the  other  side,  at  f,  the  Soleil  double  plate. 
At  the  other  end  of  the  trough  is  the  rotating  analyzer  g,  and 
a  small  Galilean  telescope,  consisting  of  the  objective  h  and 
the  ocular  i.  The  analyzer  is  turned  by  aid  of  the  lever  k ; 
the  angle  of  rotation  is  read  off  on  the  graduated  circle  1. 
Glass  tubes,  p  p,  containing  the  liquid  to  be  examined  are  laid 
in  the  trough.  The  whole  is  supported  on  the  stand  o, 

101.  Theory  of  the  Soleil  Double  Plate. — The   biquartz  consists 
of      two     equally      thick     quartz     plates,    one     of    which 
is  left    rotating,    the   other   right   rotating,    cut    vertically 
to    the    optical    axis    and    cemented    together.     The  last 
grinding  and  polishing  are  carried  out  after  the  pieces  are 
cemented  together,  in  order  to  have  them  of  the  same  thick- 
ness exactly.      If  linearly  polarized  white  light    falls    now 
upon  the  double  plate  from  the  polarizer,  it  will  exhibit,  in 
consequence  of  the  rotation  dispersion  in  going  through  the 
plate,  a  series  of  colored  bands  to  each  side  of  the  center.  The 
analyzer  following  will  not  allow  those  rays  to  pass,  whose 
plane  of  polarization  coincides  with  the  principal  section  of  the 
analyzer.     If  these  are  the  yellow  rays,  those  remaining  which 
pass  through,  yield  a  mixed  color  of  a  pale  blue  violet  shade, 
which,  with  the  slightest  turn  in  the  analyzer,  turns  to  either 
red  or  blue,  and  which  is  designated  as  the  sensitive  or  tran- 
sition tint  (teinte  de  passage)      Inasmuch  as  the  two  halves 
of  the  biquartz  can  have  the  same  color  only  when  the  princi- 
pal sections  of  the  polarizer  and  analyzer  are  parallel  or  per- 
pendicular to  each  other,  the  two  quartz  plates  are  given  such 
a  thickness  that  they  rotate  the  yellow  rays  to  the  right  and 
to  the  left  exactly  90°  or  180°.     For  the  first,  the  thickness 
must  be  3.75  mm.,  since  Biot  found  that  i  millimeter  of  quartz 
rotates  mean  yellow  light  through  24°,  and  we  have  then  the 
proportion,  24°  :  i  :.  90°  :  3.75.      In  this  case,  the  principal 
sections  of  the  polarizer  and  analyzer  must  be  parallel  to  secure 
the  transition  tint.     If  the  biquartz,  on  the  other  hand,  is  7.5 
mm.  thick,  so  that  the  yellow  rays  are  rotated  through  180°, 
then  tne  transition  tint  will  appear  by  crossed  position  of  the 
Nicols.    If  the  analyzer  is  now  turned  a  little  from  its  vertical 
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or  parallel  position  with  reference  to  the  polaiizer,  one-half  of 
the  field  will  appear  blue,  the  other  distinctly  red.  This 
simultaneous  appearance  of  the  red  and  blue  colors  makes  the 
observation  with  the  Robiquet  apparatus  more  sensitive  than 
where  light  and  shade  'follow  each  o'ther,  as  is  the  case  in  the 
Mitscherlich  apparatus. 

102.    The  Observation.— The     Robiquet    apparatus    requires 
white  light  and  furnishes  us  with  the  angle  of  rotation  for 
mean  yellow  light',  which',   following  Biot's  suggestion,   is 
represented  by  o>     Although  the  position  of  the  line  sep- 
arating the  two  halves  of  the  double  quartz  is  a  matter  of 
indifference,  the  latter  is  generally  so  placed  that  the  division 
is  vertical     The  telescope  is  sharply  focused  on  this  line  of 
separation  by  proper  movement  of  the  ocular.     The  obser- 
vation tube  is  not  yet  to  be  placed  in  position.     Jty  turning 
the  analyzer  it  is  a  simple  matter  to  bring  out  the  transition 
tint  as  a  perfectly  uniform  shade  on  the  two  halve*  of  the 
field.     The  position  of  the  analyzer  corresponds  then  ,to  one 
zero  point  of  the  instrument ,  the  other  zero  point  is  separated 
from  this  by  180°.     If  now  the  tube  containing  the  active 
liquid  is  placed  in  the  trough  the  uniformity  of  color  dis- 
appears.    The  analyzer  is  then  to  be  turned  until  the  equality 
of  the  shades  on  the  two  halves  of  the  image  returns  ,  the 
angle  through  which  the  anatyzer  had  to  be  tinned  is  equiv- 
alent to  the  angle  of  rotation  of  the  substance,   &f.     But  the 
latter  must  not  be  too  large,  because  it  could  then  happen  that 
the  transition  tint  would  no  longer  be  sharply  defined.     On 
the  relation  of  angles  of  rotation,  ctj  and  «/„  see  8  152. 

In  order  to  recognize  whether  the  active  substance  is  right- 
rotating  or  left,  it  is  necessary  to  determine,  once  for  all,  with 
the  particular  instrument,  the  position  of  the  red  or  blue  field 
when  a  body  with  known  direction  of  rotation,  right  rotating 
cane-sugar  for  instance,  is  between  the  Nicols.  If  the  sub- 
stance under  investigation  shows  the  same  arrangement  of  the 
two  colors  it,  likewise,  must  be  right-rotating;  if,  on  the  other 
hand,  the  shades  are  reversed,  the  body  must  be  left  rotating, 
In  addition,  with  a  right-rotating  body,  uniformity  of  color  on 
the  two  halves  of  the  field  reappears  when  the  analyzer  is 
turned  m  the  clock-hand  direction,  while  with  a  left-rotating 
body  the  motion  of  the  analyzer  must  be  the  reverse 
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The  mean  error  of  a  reading  is  about  ±  4  minutes  of  arc 
The  apparatus  of  Robiquet  suffers  from  several  drawbacks 
In  the  first  place  it  gives  a  determination  of  or,  only  and  can 
not  be  used  for  homogeneous  .light.     Secondly,  an  absolutely 
accurate  determination  of  the  angle  of  rotation  is  not  possible, 
because    after    putting   the    observation    tube   in    position, 
especially  if  the  liquid  is  somewhat  colored,  the  transition  tint 
never  shows  exactly  the  same  shade  that  appeared  in  the  zero 
point  determination,  and  in  consequence  of  this,  indeterminable 
systematic  errors  are  introduced.     Finally,  the  readings  may  be 
quite  inaccurate  with  those  deficient  in  a  sharp  sense  of  color, 
and  for  the  color-blind  the  use  of  the  apparatus  is  impossible 
,For  these  several  reasons  it  is  scarcely  used  at  present,  and  can 
be  employed  at  most  only  for  approximate  determinations  of 
the  rotation. 

j.    Wild's  Polanstrobometer * 

103.  Description  of  the  Instrument. — This  instrument,    which 
was  brought  out  by  Wild  in  1864,  but  which  to-day  finds  only 
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limited  use,  gives  much  closer  results  than  either  of  the  pre- 
viously described  polanscopes  The  peculiar  feature  of  the 
instrument  consists  in  this,  that  a  Savart  polanscope  is  placed 
between  the  polarizer  and  analyzer,  the  former  of  which  may 
be  rotated,  and  this  combination  gives  rise  to  a  series  of  dark 
bauds  which  disappear  with  a  certain  position  of  the  polarizer. 
This  point,  which  may  be  sharply  observed,  is  the  one  looked 
for  in  making  the  readings.  For  light,  the  sodium  flame  is 
commonly  used,  but  any  homogeneous  light  may  be  employed 
The  arrangement  of  the  instrument  is  shown  in  Figs  35,  and 

i  Wild  :  Ueber  eitt  oeues  JPolaristrobometer,  Berne,  1865. 
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36.    The  identical  parts  are  shown  by  small  letters  in  Fig.  35 
and  by  large  letters  in  Fig.  36. 

A  bar  of  brass,  Y,  which  is  supported  on  a  stand,  X,  and 
which  may  be  moved  either  vertically  or  horizontally,  carries 
at  one  end  the  polarizing,  and  at  the  other,  the  analyzing, 
appliance.  I4ght  passes  into  the  tube  b  through  a,  and  reaches 
the  polarizer  d  through  the  round  diaphragm  c  which  has  a 
diameter  of  about  10  mm.  The  brass  work  holding  these 

E 


Fig  36 


rotated  with  this, 


axis. 


may 
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holding  cross  hairs  in  X  position,  and  having  an  opening  of 
about  4  mm. ,  is  placed  between  the  two  and  in  the  focus  of  h. 
Finally  comes  the  analyzer  1,  which  is  ordinarily  so  fastened 
that  its  principal  section  stands  horizontally.  The  crossed 
principal  sections  of  the  double  plates  g,  must  make  angles  of 
45°  with  the  latter.  In  order  that  the  positions  of  the  two 
parts  g  and  1  may  remain  fixed  with  referencexto  each  other, 
the  draw-tube  of  the  ocular  in  which  the  nicol  1  and  lens  i  are 
placed,  is  furnished  with  a  guide  The  whole  polariscope  is 
contained  in  a  shell  Z,  attached  to  the  bar  Y,  and  may  be 
rotated  through  a  small  angle.  For  this  purpose  the  shell  has 
a  widened  guide  slit  and  two  set  screws,  m  m,  which  hold 
between  them  a  small  projecting  piece  standing  out  from  the 
polariscope  tube.  This  last  arrangement  serves  for  the  adjust- 
ment of  the  zero  point  of  the  apparatus  At  n  a  round  disk 
screen  is  fastened  which  keeps  outside  light  away  from  the 
eye  of  the  observer. 

In  order  to  rotate  the  polarizer  d,  the  setting  holding  it,  along 
with  the  attached  circular  disk,  fits  into  a  solid  ring  fastened 
to  the  bar  Y  On  the  side  of  the  disk  toward  the  observer 
there  is  a  toothed  wheel  into  which  the  small  pinion  wheel  o 
works,  and  this  is  operated  through  the  rod  q  by  means  of  the 
button  p  Near  the  periphery  of  the  disk  there  is  a 
circular  graduation,  adjoining  which  is  a  fixed  vernier  or  simple 
index  r  The  graduation  may  be  read  by  aid  of  the  telescope 
s  which  consists  of  the  adjustable  ocular  t  and  the  objective 
lens  u  At  the  end  of  the  telescope,  at  v,  there  is  a  small 
inclined  mirror,  with  round  opening  in  the  center,  which 
serves  to  reflect  light  on  the  scale  from  a  small  flame  carried 
on  the  arm  w.  Finally,  it  should  be  mentioned,  the  instru- 
ment is  usually  made  to  hold  observation  tubes  up  to  22  cm  in 
length. 

104.  The  Observation. — In  carrying  out  an  observation,  after 
putting  an  empty  tube  in  the  apparatus  to  find  first  the  zero 
point,  the  polariscope  ocular  is  drawn  out  until  the  cross  hairs 
are  sharply  defined.  The  polarizer  is  now  turned  by  aid  of 
the  button  p  (Fig.  35),  until  a  position  is  found  in  which  the 
illuminated  field  appears  to  contain  a  number  of  parallel  dark 
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bands  or  fringes  (ftg.  37-  «)-     By  continued  turning  these 
to  fade  out,  and  finally  a  point  is  reached  where  a  clear 
part,  free  from  bands,  runs  thiough  the 

^fllfet  field-      By  a  slight  motion  of  lhe  butto» 

to  and  fro,  this  bright  part  is  brought  as 

nearly  as  possible  to  the  middle  of  the 
field  leaving,  on  each  side  of  the  cross 
hairs  and  equally  distant  from  the  center, 
parts  of  the  fringes  still  visible.  This  po- 
sition is  the  one  at  which  a  reading  of 
the  graduation  is  made.  If  the  polarizer 
is  turned  further  the  bands  become 
stronger  to  a  certain  maximum,  then 
weaker  followed  by  disappearance,  and  in 
pig.  37  a  complete  rotation  of  the  circle  this  phe- 

nomenon is  repeated  four  times  at  intervals  of  go0.1  Ordina- 
rily m  each  one  of  these  positions  the  remaining  fringes  show 
some  characteristic  form  which  should  be  remembered.  The 
extinction  of  the  bands  corresponds  to  those  positions  of  the 
polarizer  at  which  its  principal  section  coincides  with  the 
principal  section  of  one  of  the  crossed  pieces  in  the  vSaveirt 
double  plate,  while  the  greatest  intensity  of  the  fringes  is  found 
when  these  sections  make  an  angle  of  45°  with  each  other 

If  it  is  found  that  the  bright  part  of  the  field  is  so  broad  that 
the  fringes  right  and  left  from  the  center  no  longer  show,  then 
the  luminosity  of  the  source  of  light  must  be  diminished  until 
the  portion  free  from  bands  has  grown  narrow  enough.  The 
decrease  in  the  width  of  the  portion  free  from  fringes  follows 
from  this,  that  the  eye,  ou  diminishing  the  total  illumination, 
acquires  greater  sensitiveness  in  recognizing  differences  in 
intensity,  and  may  therefore  follow  the  fringes  further  to  the 
points  at  which  they  totally  disappear,  than  would  be  possible 
with  a  brighter  field. 

If  the  movable  Nicol  is  brought  to  one  of  the  four  zero  points, 
and  the  empty  tube  replaced  by  one  filled  with  an  active  liquid, 
the  interference  bands  appear  anew.  On  passing  through  the 
active  layer,  the  plane  of  polarization  is  rotated  through  a  cer- 
tain angle,  and  in  order  to  place  this  again  parallel  with  one  of 

»  For  the  theory  of  these  bands  see  Wfcllner's  "  I*farhw&  der  J?hysife.,"  4h  *d  ,  a, 
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the  principal  sections  of  the  Savart  double  plate,  the  polarizer 
must  be  turned  through  an  equal  angle  in  the  opposite 
direction  The  disappearance  of  the  bands  follows  then  as 
before  The  angle  through  which  the  polarizer  must  be 
moved  to  bring  about  the  extinction  of  the  bands  is, 
therefore,  the  angle  of  rotation  of  the  body  placed  between  the 
Nicols.  The  circular  disk  must  consequently  be  turned  in  a 
direction  opposite  to  the  clock-hand  motion  when  the  body  is 
right  rotating  and  vice  versa.  In  respect  to  the  button  P  p, 
Figs.  35  and  36,  on  which  the  hand  of  the  observer  rests,  the 
motion  here  corresponds  with  the  direction  of  rotation  of  the 
substance.  If  the  figures  on  the  circle,  like  those  on  a  clock 
face,  run  from  left  to  right,  as  is  usually  the  case,  the  readings 
with  a  right  rotating  body  give  larger  numbers  and  those  with 
a  left-rotating  body  smaller  numbers  than  are  shown  in  finding 
the  zero  point  In  regard  to  the  method  of  observation  and 
determination  of  the  direction  and  amount  of  rotation,  see  §97 
and  §  93. 

The  mean  error  of  a  reading  is  about  ±  three  minutes  of  arc. 

ft.  ffalf-Shadozv  Instruments. 

105.  Principle  of  the  Half-Shadow  Apparatus. — In  these  polar- 
istrobometers,  the  characteristic  sensitive  part  is  so  constructed 
that  the  field  of  view  is  divided  into  two  or  more  surfaces, 
which,  with  a  definite  position  of  the  an-  A  E  B 

alyzer,  show  a  uniform  degree  of  partial 
shadow  This  point  is  employed  in  the 
observation.  On  account  of  the  rela- 
tively low  luminosity  of  the  field  m  the 
neighborhood  of  this  point,  these  instru- 
ments have  received  the  name  of  half- 
shadow  apparatus  (polarimetres  a  pe"- 
nombre) . 

The  half-shadow  instruments  all  con- 
tain an  illumination  lens,  the  polarizing  D 
appliance,  which  does  not  consist  in  a 
simple  nicol  alone,  the  analyzer,  and  a  reading  telescope.  To 
take  the  simplest  case  first,  let  us  consider  the  polarizer  so  made 
that  it  furnishes  a  field,  A  B  C  D  (Fig.  38),  which  appears  to 


p 
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be  divided  into  two  halves  by  the  line  E  F,  and  in  such  a 
manner   that   all  rays  coming  from  the  surface  A  E  F  D 
are  linearly  polarized   in  the  direction  of  G  H,  while  all 
rays   which    come  from   E  B   C  F  are    linearly    polarized 
in  the    direction    G   J.      According    to   §91,   the  polarizer 
will   pass    always    such   rays    only    as    are    polarized    ver- 
tically to  its  principal  section.     Let  now  G  H   ~   a  and 
G  J  =  b  represent  also  the  amplitude  of  the  light  vibrations, 
which,  in  reality,  as  will  be  seen  later,  never  differ  much  from 
each  other.     The  angle  H  G  J  =  of,  which  the  two  directions 
of  polarization  make  with  each  other,  is  usually  made  smaller 
than  about  10°.     Imagine  the  analyzer  turned  so  that  its  prin- 
cipal section   G  K  falls  within  the  angle  of,  and  represent  the 
angle  H  G  K  by  ft     Then,  when  L  M  is  perpendicular  to 
G  K,  the  analyzer  allows  of  a  the  component  G  N  ~  a  sin  ft 
to  pass,  and  of  the  vibrations  b  the  component  G  0  -=  />  sin 
(ex— ft)      The  smaller  the  angle  a  is  made,  the  smaller  these 
two  components  become ;   that  is,  the  greater  becomes  the 
shadow  on  the  field  of  view  ;  the  angle  a  is,  therefore,  briefly 
termed  the  half -shadow     It  appears  further  that  for  ft  -    o, 
G  N  =  o  ;  that  is,  when  the  principal  section  of  the  analyzer 
coincides  with  the  direction  of  polarization  on  the  surface 
A  E  F  D,  then  the  surface  becomes  perfectly  dark  ;  likewise, 
G  0  =  o  for  P=a;  that  is,  the  surface  E  B  C  F  becomes 
perfectly  dark  when  the  analyzer  principal  section  coincides 
.  with  its  direction  of  polarization      The  half  shadow  a  may  be 
most  simply  and  easily  found  when  the  analyzer  is  so  turned 
that  the  one  surface  is  perfectly  dark,  and  then  until  the  other 
surface  is  in  the  same  way  obscured  ;  the  angle  between  the 
two  positions  is  equal  to  the  half -shadow  oc. 

As  remarked  above,  in  making  an  observation  with  a  half- 
shadow  instrument,  the  point  for  final  reading  is  sought  when 
the  two  surfaces  show  exactly  the  same  degree  of  illumination. 
This  is  the  case  when  G  N  =  G  O  or  tan  ft  =  b  gin  a  I  (a  + 
A  COB  or).  From  this  equation  a  definite  value  for  ft  follows  • 
!^  S  ^erefore'  only  one  position  of  the  analyzer  at  which 
the  field  shows  an  absolute  uniformity  of  shadow.  Uniform 
illumination  is  exhibited  also  when  the  analyzer  is  turned 
through  180*  from  this  first  position,  as  then  the  principal 
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section  has  the  same  position  as  before.  Accordingly,  all  half- 
shadow  instruments  possess  two  zero  points  180°  apart.  If 
the  principal  section  of  the  analyzer  is  turned  out  of  the  half- 
shadow  angle  a  and  parallel  to  the  junction  line  of  H  J,  it  will 
follow,  too,  that  in  this  case  the  illumination  of  the  two  halves  of 
the  surface  will  be  the  same,  but  the  light  is  so  little  weakened 
by  the  analyzer  that  the  whole  field  appears  now  very  bright. 
But  the  eye  is  not  able  to  distinguish  slight  differences  in 
illumination  between  two  bright  lights,  and  for  this  reason  the 
position  of  the  principal  section  parallel  to  H  J  cannot  be  em- 
ployed in  the  observations.  On  the  other  hand,  when  the 
principal  section  is  at  its  zero  position  within  the  small  half- 
shadow  angle,  the  field  is  pretty  dark.  The  intensities  of  the 
light  passing  the  analyzer  from  the  two  surfaces  are  to  be 
taken  as  proportional  to  the  squares  of  the  two  amplitudes, 
G  N  and  G  O,  as  the  vibrations  take  place  simultaneously  in 
the  same  medium.  But  these  amplitudes,  because  of  the  small 
value  of  a,  are  very  small  as  compared  with  the  amplitudes  a 
and  6.  If  then,  the  analyzer  is  turned  but  very  little  from  its 
zero  position,  the  one  surface  will  become  brighter  and  the 
other  darker,  which  the  eye  can  sharply  recognize,  because  of 
the  slight  general  intensity  of  the  whole  field.  As  the  polar- 
izing arrangements  in  all  half -shadow  instruments  are  so  made 
that  a  and  b  are  very  nearly  the  same,  it  follows  from  the 
above  equation  that  in  the  zero  position  ft  is  always  nearly 
equal  —  The  analyzer  principal  section  is  then  always  so 

adjusted  that  it  very  nearly  bisects  the  half-shadow  angle. 

As  can  be  seen,  the  form  of  the  two  surfaces,  the  dividing 
line  between  them  and  their  relative  positions  to  each  other, 
do  not  come  at  all  into  consideration  One  surface  may  lie 
wholly  within  the  other,  and  the  line  between  them  be  then  a 
circle  ;  or  we  can  imagine  to  the  right  of  the  surface  E  B  C  F 
another  surface  which  shall  have  the  same  properties  as  the 
surface  A  E  F  D ,  that  is,  its  light  polarized  in  the  direction 
G  H.  We  have  now  a  field  of  view  in  three  parts,  in  which 
the  three  surfaces  must  show  the  same  degree  of  illumination 
when  again  the  principal  section  of  the  analyzer  bisects  the 
half-shadow  angle.  As  will  be  seen,  all  these  cases  have  been 
applied  in  practice  in  the  most  different  ways. 
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106.  Influence  of  the  Source  of  Light.— In  all  the  following  con- 
siderations, for  the  sake  of  simplicity,  we  shall  assume  a  field 
of  view  with  double  surface,  as  the  explanations  hold  good,  or 
at  most  with  very  slight  exceptions,  for  fields  with  more  di- 
visions. If  we  illuminate  a  half-shadow  apparatus  with 
homogeneous  light  of  definite  wave-length,  bring  the  analyzer 
to  the  zero  point  so  that  the  two  fields  show  the  same  intensity, 
and  then  insert  an  active  substance,  the  two  directions  of 
polarization  will  be  turned  through  exactly  the  same  angle  by 
the  latter.  The  half-shadow  angle  a.  remains,  therefore,  con- 
stant. To  find  now  the  amount  of  rotation  of  the  two  planes 
of  polarization,  the  analyzer  is  turned  until  the  field  of  view 
becomes  uniformly  shaded  as  at  the  start.  If  now  the  prin- 
cipal section  of  the  analyzer  should  not  have  exactly  the  same 
position  with  reference  to  the  two  planes  of  polarization,1  which 
it  had  when  the  zero  point  was  found,  a  systematic  error  must 
obtain  somewhere  and  the  angle  of  rotation  of  the  analyzer 
would  not  give,  directly,  the  rotation  of  the  two  planes  of 
polarization.  The  principal  section  will  maintain  its  relative 
position  to  the  two  planes  of  polarization  only  when  the  rela- 
tion of  the  intensities  of  the  light  in  the  two  fields  is  not 
altered  by  the  active  substance.1  But  this  obtains  for  homo- 
geneous light  as  the  two  intensities  are  weakened  by  reflection 
at  the  end  surfaces  and  by  absorption  in  exactly  the  same 
manner  Therefore  with  homogeneous  light  the  angle  of 
rotation  of  the  analyzer  is  equal  to  the  angle  of  rotation  of  the 
active  substance. 

This  is  the  proper  place  to  again  emphasize  how  important 
it  is,  and  especially  with  half -shadow  instruments,  to  be  cer- 
tain that  the  course  of  the  rays  through  the  whole  apparatus 
to  the  eye  of  the  observer  is  perfectly  correct.  If,  in  illus- 
tration, in  the  above  case  one  of  the  pencils  of  rays  only  were 
to  suffer  a  partial  obstruction  by  insertion  of  the  active  sub- 
stance, it  would  necessarily  follow  that  the  relation  of  the  two 
intensities  would  be  altered  and  consequently  a  change  brought 
about  in  the  zero  point  position.  It  will  be  recognized  also 
how  essential  it  is  that  the  light  which  reaches  the  polarizing 

*  According  to  §105  tan  0  =  b  sin  a  /  (a  +  b  cos  a),  or  tan  /3  =,  sin  a  /  ~  +  cos  a) :  |8  Itt 
therefore  dependent  only  on  the  relation  a  •  b 
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mechanism,  independently  of  the  distribution  of  the  intensity 
in  the  source  of  light,  must  be  perfectly  uniform,  as  otherwise 
the  relation  of  the  two  field  intensities  would  undergo  con- 
tinuous changes.  Variations  in  the  total  intensity  of  the  light 
reaching  the  polarizer  would  then  naturally  leave  the  relation 
of  the  intensities  of  the  emerging-  lights  unaltered,  and  thus 
give  rise  to  no  displacement  of  the  zero  point. 

The  question  will  now  be  discussed,  to  what  extent  the  zero 
point  is  changed  by  use  of  different  colored  lights  in  instru- 
ments, the  polarizing  mechanism  in  which,  is  unsymmetrically 
arranged.     This  is  the  case,  for  example,  in  the  Laurent  and 
I,ippicli   polarizers    in  which  the   light    of  one-half   of  the 
field  has  to  pass  through  one  more  prism  than  that  of  the 
other,  from  which  cause  the  intensity  of  the  first  light  is  weak- 
ened by  reflection  and  absorption.     The  relation  of  the  light 
intensities  must  therefore  vary  with  the  wave-lengths,  and 
then  the  zero  point  of  the  apparatus  also.     As  long  as  one  is 
working  with  homogeneous  light,    these  zero  point  displace- 
ments amount  to  but  a  few  seconds  of  arc,  as  may  be  readily 
found  by  calculation,  but  in  very  exact  investigations  even 
this  should  be  considered,  as  in  the  best  half -shadow  instru- 
ments the  mean  error  in  a  reading  is  counted  now  by  seconds 
only      But  the  case  is  very  different  when  white  light  is  used, 
at,  is  the  custom  in  all  half-shadow  sacchanmeters     Then  the 
light  on  one  field  is  not  only  weakened,  but  it  becomes  changed 
in  composition  also,  as  the  absorption  and  reflections  change 
with    the  wave-length       Zero-point  variations    up    to  nine 
seconds  may  be  found  here  by  employing  white  lights  of  dif- 
ferent sources.     When    one  considers  the  difference  in  the 
•composition  of  the  light  on  the  two  fields,  it  will  be  understood 
how  the  zero  point  may  be  altered  even  a  whole  minute  when 
at  any  position  between  the  polarizer  and  the  eye,  some  sub- 
stance is  placed,    for   example,    a    dichromate  plate,  which 
absorbs  some  rays  relatively  strongly.     For  this  reason,  it  is 
therefore  wrong    in  principle  in   finding  small  rotations  of 
strongly  colored  solutions,  in  order  to  escape  the  trouble  of  pro- 
•curing  an  intense  sodium  light,    to  examine  them  in  a  half- 
shadow  instrument  or  sacchanmeter  with  white  light,  and  with 
a  degree  of  accuracy  which  is  but  a  fraction  of  the  systematic 
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error  from  zero-point  displacement,  which  may  also  vary  in 
differently  colored  substances.  This  method  of  finding  an 
angle  of  rotation  with  white  light  will  be  criticized  from 
another  standpoint  in  §  153. 

107.  Calculation  of  the  Sensitiveness. — The  accuracy  which  may 
be  reached  in  half-shadow  instruments,  is  measured  by  the 
delicacy  with  which  one  can  judge  of  the  uniformity  of  shade 
on  the  two  surfaces  of  the  field  of  view.  If  the  analyzer  is 
turned  through  the  small  angle  A  ft  from  the  position  in  which 
the  two  fields  appear  to  have  the  same  brightness,  the  illumi- 
nations of  the  two  fields  may  differ  by  an  amount  expressed  as 
p  per  cent.  On  the  assumption  that  in  the  zero  position,  the 
principal  section  of  the  analyzer  bisects  the  half-shadow  angle, 
it  may  be  shown  in  a  very  simple  manner  that  between  the 

quantities  a,  A  ft,  and  p,  the  relation  p  ==  400  A  ft  /  tan  — 
exists,  when  A  ft  is  expressed  in  absolute  measure;  that  is,  when 
If  A  ft  is  measured  in  seconds  of  arc, 


90°  is  taken  as 


then/  =  0.00194  A  £"/tan  ~  m  per  cent 

2  r 

Let  us  assume,  m  order  to  have  an  illustration,  that  the 
brightness  of  the  field  and  the  sensitiveness  of  the  eye  will 
admit  of  a  photometric  accuracy  of  /=  2  per  cent.,  then  it 
follows  from  the  above  formula  that  errors  m  reading  A  6 
become  smaller  m  proportion  as  the  half-shadow  «  is  decreased. 
In  the  following  table  are  given  certain  values  of  a,  and  the 
corresponding  values  of  A  ft,  m  seconds,  for  p  =  2  per  cent 


a 

10° 

8° 

6° 
54" 

4° 
36" 

/f/3 

90" 

72" 

18" 


30' 
4" 
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field  of  view  which  is  too  dark,  the  sensitiveness  of  the  eye 
in  recognizing  differences  in  illumination  decreases,  and  pt  in 
consequence,  grows  larger  and  with  it  A  j8.  For  a  given 
source  of  light  the  error  in  reading,  A  ft,  for  a  certain  value  of 
a,  reaches  a  minimum,  and  the  brighter  the  source  of  light 
the  smaller  may  a  be  to  give  it.  We  have  then  the  follow- 
ing rule  :  Let  the  source  of  light  be  chosen  as  bright  as  possible ', 
and  the  half-shadow  as  small  as  possible ',  but  at  least  so  large 
that  the  eye  may  make  the  required  reading  without  great  effort. 

108.  Methods  of  Observation. — We  are  concerned  here  with  the 
operations  which  the  observer  follows  in  order  to  secure  equal 
illumination  in  the  two  fields.  We  shall  discuss  but  a  few  of 
the  commonly  practiced  methods  which,  however,  when  prop- 
erly carried  out,  all  yield  good  results. 

If  one  moves  the  analyzer  rapidly  to  and  fro  past  the  zero 
point,  the  dividing  line  in  the  field  being  sharply  focused,  one 
has  an  impression  as  if  made  by  a  band  of  shadow  passing 
parallel  to  and  across  this  dividing  line  over  the  bright  field. 
Although  this  phenomenon  is  purely  subjective,  since  in 
reality  with  proper  illumination  each  field  is  uniformly  bright, 
it  is  very  common  in  actual  practice  to  stop  in  the  motion  of 
the  analyzer  at  the  instant  in  which  this  shadow  appears  to 
glide  over  the  dividing  line  However,  in  this  method  of 
observation  the  analyzer  is  checked  usually  a  little  too  soon ; 
this  will  cause  no  error  only  when  the  mean  of  a  large  number 
of  trials  is  taken,  the  end  point  being  approached  alternately 
from  one  side  and  the  other.  But  the  hand  falls  easily  into  the 
habit,  after  turning  the  analyzer  to  and  fro,  of  stopping 
always  with  the  motion  from  the  same  side,  which  naturally 
introduces  a  systematic  error  into  the  observation. 

Another  plan  very  commonly  followed  is  this .  The 
analyzer  is  turned  several  times  rapidly  backward  and  forward 
until  the  differences  in  shade  on  the  two  fields  become  as 
nearly  as  possible  the  same,  and  then  the  fine  adjustment 
screw  is  turned  a  little(,  at  random,  so  as  to  secure  as  accurately 
as  may  be  the  mean  position  between  the  end  positions  just 
reached,  This  method  is  naturally  applicable  only  when  the 
fine  screw  has  no  lost  motion,  but  gives  good  results  when  the 
contrasts  are  taken  sufficiently  small. 
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A  third  method  of  final  adjustment  is  followed  by 
in  all  his  experiments.  The  analyzer  is  turned  at  first  rapidly 
and  then  slowly,  step  by  step,  and  always  in  the  same  direction, 
until  apparently  uniform  illumination  is  reached  ;  :f  it  is  thought 
that  this  point  is  overreached,  the  analyzer  is  turned  back  and 
the  operation  repeated.  When  the  point  of  equal  illumination 
is  approached,  the  eye  is  opened  momentarily  only  at  each  step. 
Of  course,  one  does  not  reach  by  this  method  that  position  of 
the  analyzer  at  which  objectively  the  two  fields  have  the  same 
illumination,  but  a  position  which  differs  from  this  but  little, 
,  and  which  depends  on  the  degree  of  differentiation  sensitive- 
ness (about  i  per  cent.)  in  the  observer;  the  analyzer  is 
stopped  at  that  point  where  the  eye  is  no  longer  able  to  recog- 
nize a  difference  in  brightness  In  order  to  find  the  real  point 
of  equality  in  illumination,  the  final  adjustment  must  be  made 
alternately  from  one  side  and  the  other,  and  the  mean  of  all 
the  readings  taken. 

It  should  be  made  a  rule  to  compare  the  fields  over  their 
whole  extent,  and  after  each  adjustment  to  turn  the  analyzer 
appreciably  away  from  the  zero  position  because,  otherwise, 
one  can  fall  into  the  habit  of  systematically  stopping  the 
adjustment  at  the  same  wrong  point  always,  and  thus  uncon- 
sciously securing  a  very  small  mean  adjustment  error,  which, 
in  reality,  may  be  exceeded  several  fold  by  the  true  error  in  the 
result  Also  avoid,  as  far  as  possible,  trying  to  remember 
with  any  instrument  in  which  direction  the  fine  adjustment 
screw  must  be  turned  to  secure  larger  or  smaller  readings  on 
the  graduated  circle,  because  in  knowing  this,  the  observations 
ma>  be  arbitrarily  affected 

109.  Jellett's  Polariscope.2  —  In  the  descriptions  of  special  half- 
shadow  instruments,  beginning  with  this  paragraph,  only 
those  features  of  the  optical  arrangements  will  be  discussed 
which  concern  the  polarizing  mechanism,  because  the  other 
optical  parts  are  essentially  the  same  in  all  forms  of  apparatus. 
The  first  half  -shadow  polanscope  was  made  by  Jellett  in  1860. 
Between  the  polarizing  and  analyzing  nicols,  and  close  to  the 
first,  he  introduced  a  prism  of  the  following  construction  :  A 


Wiener  Sitzungsberichte,  II,  px,  1084  (1885)  ,  It,  105,  323  (1896), 
2  Jellett  .  Rep  Brit  Assoc.,  39,  13  (1860) 
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long  Iceland  spar  rhombohedron,  which  is  converted  into  a 
right  prism  by  grinding  down  its  ends,  is  sawed  through 
lengthwise,  making  two  halves,  separated  by  a  plane  which 

makes  the  small  angle  —  with  the  plane  standing  perpen- 
dicularly to  its  principal  section.  These  halves  are  then  put 
together  in  reversed  position,  so  that  the  two  principal  sections 
no  longer  coincide  but  make  the  angle  a,  the  half -shadow, 
with  each  other.  This  prism  is  mounted  in  a  tube  which 
carries  diaphragms  with  circular  openings  at  each  end,  so  that 
the  round  field  of  view  appears  to  be  divided  by  the  cut  into 
two  equal  parts  The  polarizing  nicol  is  so  placed  that  its 
principal  section  bisects  either  the  obtuse  or  acute  angle  which 
the  two  principal  sections  of  the  rhombohedron  form  with 
each  other  I^ight  entering  the  apparatus  is  first  linearly 
polarized  by  the  polarizing  nicol  and  then  passes  the  sp'ar 
rhombohedron,  in  the  two  halves  of  which  the  principal  sec- 
tions are  slightly  inclined  to  each  other.  If  the  analyzer  be 
now  turned  so  that  its  principal  section  is  vertical  to  that  of 
the  polarizing  nicol,  the  halves  of  the  field  appear  uniformly 
shaded.  This  is  destroyed  by  inserting  an  active  substance, 
and  in  order  to  .secure  the  uniform  shadow,  the  analyzer  must 
be  rotated  through  a  definite  angle,  which  is  equal  to  the  angle 
of  rotation  of  the  substance 

The  Jellett  polarizing  arrangement  was  later  modified  in 
this  way  Before  cementing  together  the  two  sides  of  an 
ordinary  Nicol  prism,  one-half  is  split  perpendicularly  to  the 
pnncipal  section,  a  wedge,  with  the  small  acute  angle  a,  cut 
out,  and  then  the  three  pieces  united  to  form  a  single  prism. 
The  cut  half,  in  which  the  principal  sections  again  form  the 
half-shadow  angle  a  with  each  other,  is  turned  towa'rd  the 
analyzer  in  mounting  the  polarizer  m  the  apparatus.  Exactly 
the  same  phenomena  appear  here  as  in  the  above  case,  as 
indeed  the  light  which  passes  through  the  cement  layer  of  the 
polarizer  vibrates  still  in  a  single  plane  only.  This  Jellett 
twin  prism  is  often  called  the  Schmidt-Haensch  polarizer, 
because  this  firm  regularly  employs  it  in  the  construction  of 
their  simpler  polariscopes. 
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no.  Corau's  Polarizer.1 — This  has  considerable  resemblance 
to  the  Jellett  polarizer  just  described,  and  is  made  by  cutting 
an  ordinary  Nicol  prism  along  its  whole  length,  corresponding 
to  the  plane  of  the  shortest  diagonal,  into  two  halves,  then 

grinding  from  each  surface  a  small  amount,  ^  ,  and  cement- 
ing the  pieces  together  again.  This  makes  a  double  Nicol 
prism  which  has  two  principal  sections,  making  the  half- 
shadow  angle  ex  with  each  other.  From  this  polarizer  the 
extraordinary  rays  only  can  emerge  from  each  side,  and  we 
have  then  a  field  of  view,  the  two  parts  of  which  are  so 
arranged  that  the  direction  of  polarization  of  all  the  rays  in 
the  one  field  makes  the  small  angle  «  with  the  polarization 
direction  of  the  rays  in  the  other  field.  If  the  analyzer  be  then 
so  placed  that  its  principal  section  bisects  this  half-shadow 
angle  or,  then  the  field  of  view  will  appear  faintly,  but 
uniformly,  shaded. 

The  polarizers  of  Jellett  and  Cornu  have  the  advantage  that 
any  light,  compound  or  homogeneous,  may  be  employed,  but 
they  suffer,  on  the  other  hand,  from  the  great  drawback  that 
the  half-shadow  angle  is  a  fixed  one.  In  the  I/aurent  polarizer 
to  be  now  described,  it  will  be  seen  that  the  reverse  is  the 
case ,  it  possesses  a  variable  half-shadow,  but  in  each  single 
instance  may  be  used  for  a  definite  homogeneous  light  only. 

4..  Lauren?  s  Half -Shadow  Instrument* 
in.  Description  of  the  Apparatus. — In  the  lyaurent  instrument, 
illustrated  in  Fig.  39,  the  light  from  a  homogeneous  source 
passes  through  the  illumination  lens  first  and  then  the  polar- 
izing mechanism.  This  consists  of  the  polarizing  nicol  B, 
which  may  be  moved  by  means  of  a  connected  lever  through 
a  small  angle,  shown  on  an  arc  above,  and  then  firmly  clamped, 
and  a  thin  quartz  plate  D,  which  is  cut  parallel  to  the  optic 
axis  and  so  cemented  to  a  circular  diaphragm  that  it  covers 
half  the  opening.  At  the  other  end  of  the  apparatus  are 
found  the  analyzer  E  and  the  telescope  F.  This  latter  is 
attached  to  the  circular  disk  G,  and  may  be  rotated  with  it. 
For  this  purpose  a  bevel  geared  wheel  is  found  on  the  back 

i  Cornu    Bull.  Soc  Chim.,  [a],  14, 140  (1870) 
s  Dmgler's  poly  J  ,  3*3,  608  (1877). 
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side  of  the  disk,  which  works  into  a  small  pinion  attached  to 


H 


Fig  39 

the  button  H      The  fixed  verniers  J,  may  be  read  by  means 
of  the  movable  magnifying  glasses  K. 

112.  Principle  of  the  Laurent  Polarizer.  —  The  quartz  plate  A 
(Fig  40),  covering  half  of  the  polarizer  diaphragm,  must  have 
perfectly  parallel  sides  and  must  be 
ground  exactly  parallel  to  the  optical 
axis  B  C  The  thickness  of  the  plate, 
d,  depends  on  the  wave-length,  A,  of 
the  homogeneous  light  which  is  em- 
ployed 111  illumination  This  thickness 
must  be  so  chosen  that  the  two  rays, 
one  polarized  parallel  to  the  axis  of  the 
plate  and  the  other  at  right  angles, 
which  are  produced  from  the  light 
reaching  the  plate,  show  on  exit  a  dif- 
ference in  path,  tf,  which  is  an  odd  multiple  of  half  the  wave- 
length. If  we  represent  the  ordinary  and  extraordinary  re- 
fractive indices  of  quartz  for  light  of  wave-length  A.,  with  n0 
and  ne>  we  have  the  condition  . 

&  =  d  (ne  —  n0}  =  (zm-\-  i)— , 


Fig  40. 
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where  m  is  any  whole  number.  From  this  follows  the  thick- 
ness of  the  plate, 

d  =  (2m  -f  i) —   / (ne  —  «„). 

As  the  apparatus  is  always  constructed  for  sodium  light,  A. 
in  this  case  is  o  0005893  mm  ,  na  =  1.5442,  ne  =  1.5533,  an^ 
the  minimum  thickness  (m  =o)  0.0324  mm.  But  as  such  a 
plate  would  be  too  thin  for  practical  use  some  odd  multiple  of 
this  thickness  under  half  a  millimeter  is  taken.  Even  such 
quartz  plates  are  usually  supplied  with  a  plane  glass  plate  for 
support  If  it  is  desired  to  make  a  test  to  determine  whether 
the  quartz  plate  has  the  proper  thickness  or  not,  the  following 
method  may  be  followed  Two  Nicol  prisms  are  placed  in  series 
in  parallel  light  of  the  wave-length  for  which  the  plate  is  made, 
and  so  that  their  principal  sections  are  parallel  to  each  other. 
Between  these  the  quartz  plate  to  be  tested  is  placed  and 
vertically  to  the  rays.  If  now  the  plate  is  turned  in  its  own 
plane  until  its  optical  axis  makes  an  angle  of  45°  with  the 
principal  sections  of  the  prisms,  the  field  becomes  dark  if  the 
plate  has  actually  such  a  thickness  that  it  produces  a  difference 
in  path  of  an  odd  multiple  of  half  a  wave-length. 

I^et  B  D  represent  the  plane  of  polarization  and  amplitude 
of  the  linearly  polanzed  homogeneous  light  coming  from  the 

polarizer,  and  let  it  make  the  angle  C  B  D  =  — with  the  opti- 
cal axis  B  C  The  light  passing  the  right  half  of  the  polarizer 
diaphragm  is  then  linearly  polarized  in  the  direction  B  D.  In 
order  to  avoid  unnecessary  complication  m  what  follows,  it  will 
be  assumed  that  all  rays  reaching  the  quartz  plate  fall  upon 
it  perpendicularly,  which,  in  practice,  is  essentially  the  case. 
Then  each  ray  in  entering  the  quartz  plate  is  broken  up  into 
an  ordinary  and  an  extraordinary  ray,  whose  refractive  plane 
is  the  principal  section  ;  that  is,  the  plane  passing  through  the 
axis  B  C  and  vertical  to  the  plate.  According  to  §90,  this 
plane  is  at  the  same  time  the  plane  of  polarization  of  the  ordi- 
nary ray,  while  the  extraordinary  ray  is  polarized  vertically  to 
the  principal  section.  Accordingly,  a  ray  with  the  amplitude 
B  D  on  entering  the  plate  is  decomposed  into  the  components 
B  G  and  B  H,  if  E  F  is  perpendicular  to  B  C  The  ordinary 
component  B  G  is  polarized  parallel  to  the  axis  of  the  plate 
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while  the  extraordinary  component  is  perpendicular  to  the 
axis.  Both  components  pass  through  the  plate  in  a  perfectly 
vertical  direction.  Now,  the  thickness  of  the  plate  is  so  taken 
that  the  rays  polarized  parallel  to  the  axis,  differ  in  path  by 
half  a  wave-length  from  those  polarized  perpendicularly  to  the 
axis,  or  in  other  words,  one  set  suffers  a  retardation  of  half  a 
vibration  as  compared  with  the  other.  We  can  assume  that 
at  the  moment  in  which  the  ray  B  D  reaches  the  plate,  and 
the  decomposition  into  the  components  B  G  and  B  H  takes 
place,  the  vibrations  of  these,  in  the  directions  toward  G  and 
H,  begin  simultaneously  at  B,  so  that  in  the  moment  in  which 
they  leave  the  plate,  the  one  component  is  half  a  vibration 
ahead  of  the  other  Imagine  further,  that  in  this  moment 
the  vibrations  begin  again  at  B,  and  that  those  of  the  ordi- 
nary component,  say,  take  place  as  before  toward  G,  then 
the  vibrations  of  the  extraordinary  component  must  be  m  the 
direction  J,  opposite  from  H.  The  amplitude  B  J  is,  of  course, 
equal  to  B  H,  if  reflection  and  absorption  are  left  out  of  con- 
sideration Therefore,  two  rays  polarized  perpendicularly  to 
each  other  leave  the  plate,  whose  planes  of  polarization  are 
the  same  as  within  the  plate,  but  which  differ  from  each  other 
in  path  by  half  a  wave-length  At  the  analyzer,  both  rays  are 
brought  back  to  the  same  plane  of  polarization  and,  therefore, 
brought  into  condition  to  produce  interference  But  as  the 
difference  in  path  of  the  two  rays  is  exactly  half  a  wave-length, 
or  an  odd  multiple  of  the  same,  the  final  result  remains  un- 
changed if  we  replace  the  two  rays  B  G  and  B  J  by  the  ray 
B  K,  whose  plane  of  polarization  and  amplitude  B  K,  makes 

ex 

the  small  angle  —  with    the  optical   axis  B  C       The  light 

coming  through  the  plate  then  is  m  the  condition  of  linearly 
polarised  light,  whose  direction  of  polarization  with  reference 
to  the  principal  section  of  the  plate  is  symmetrical  with  the 
direction  of  polarization  of  the  light  coming  from  the  polarizer. 
Therefore,  the  field  of  view  is  made  up  of  two  parts  whose 
polarization  directions  are  symmetrical  with  reference  to  the 
axis  of  the  plate.  The  half-shadow  a  is  equal  to  twice  the 
angle  which  the  optical  axis  of  the  plate  makes  with  the  plane 
perpendicular  to  the  principal  section  of  the  polarizer.  If  the 
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analyzer  is  then  placed  so  that  its  principal  section  bisects  the 
half-shadow  angle,  that  is,  if  it  is  made  parallel  to  the  optical 
axis  of  the  quartz  plate,  the  field  will  appear  uniformly  shaded 
as  explained  in  §  105. 

113.  Accuracy  of  the  Laurent  Apparatus. — For  the  method  of 
conducting  the  observations,  reference  is  made  to  §93  and  §97, 
and  m  regard  to  the  illumination,  it  may  be  again  remarked 
that  a  homogeneous  light  must  be  employed  in  which  the 
Laurent  plate  produces  a  path  difference  of  half  a  wave-length. 
Instrument  makers,  up  to  the  present  time,  have  constructed 
these  plates  for  a  sodium  light  only  ;  the  rotations  for  other 
rays  may  not  be  measured  with  these  apparatus,  which  is  a 
drawback  in  their  use 

The  delicacy  of  the  Laurent  polanmeter  depends,  according 
to  §107,  on  the  half -shadow  angle  chosen.  This  is  variable 
at  will,  as  the  principal  section  of  the  movable  polarizer  may 
be  given  any  desired  position  with  respect  to  the  axis  of  the 
quartz  plate  But  even  when  a  comparatively  weak  sodium 
light  (Bunsen  burner  with  salt  bead)  is  employed,  and  there- 
fore a  large  half-shadow  angle  of  about  8°  taken,  the  mean 
error  of  an  adjustment  amounts  to  about  ±  2  minutes  of  arc 
only ;  with  a  brighter  source  of  light  and  smaller  angle  this 
may  be  reduced  to  below  one  minute 

The  instrument  maker  Heele1  has  lately  attempted  to 
increase  this  delicacy  by  another  arrangement  of  the  field  of 
view.  Instead  of  fastening  the  Laurent  plate  in  the  diaphragm 

so  that  it  covers  one-half  of  the 
field,  he  gives  it  a  circular  form  and 
cements  it  to  the  center  of  a  larger 
4I  circular  glass  plate.     The  field  of 

view  appears  then  as  shown  in  Fig.  41,  concentrically  divided. 
With  the  Laurent  apparatus  the  angle  of  rotation  may  be 
measured  easily  within  about  ±  20".  But  if  this  accuracy  is 
to  have  a  real  value  the  various  systematic  errors  made, 
depending  on  the  construction  of  the  apparatus,  can  not 
amount  to  more  than  a  few  seconds.  But  the  reverse  has 
already  been  demonstrated  by  LippicV  in  1890,  theoretically 

i  Heele .  (Berlin  O,  Gniner  Wegt  104)  Zeitschr  fiir  lustrum ,  16,  269 
a  I,ippich    Zur  Theone  der  Halbschattenpolannieter,  Wien   Sitzungsber,  II,  99, 
695  (1890). 
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as  well  as  practically,  who  showed  that  in  general  the  Laurent 
apparatus  can  not  be  an  absolutely  exact  measuring  instrument. 
Although  Lippich,1  m  1892,  published  an  abstract  of  this 
paper,  omitting  the  mathematical  discussion,  it  seems  to  have 
attracted  but  little  notice,  since  recently  several  investigators11 
have  published  very  delicate  measurements  made  by  aid  of  the 
Laurent  apparatus.  It  may  be  m  order  then  to  recapitulate 
the  main  results  of  Lippich's  experiments. 

We  shall  first  recall  the  conditions  which  must  be  complied 
with  in  order  that  the  light  which  leaves  the  Laurent  plate 
may  take  the  form  of  rays  perfectly  polarized  in  one  direction 
only,  and  see  in  how  far  these  conditions  may  be  fulfilled. 
The  first  condition  that  all  rays  reaching  the  plate  must  enter 
it  perpendicularly,  can  never  be  accurately  attained,  the  phase 
difference,  therefore,  produced  by  the  plate  is  a  function  of 
the  incident  light,  from  which  it  follows  that  this  difference 
for  all  rays  of  the  same  wave-length  can  not  be  exactly  half  a 
wave-length.  The  further  conditions  that  the  plate  must  be 
perfectly  plane  parallel,  that  it  must  be  ground  exactly  parallel 
to  the  optical  axis,  and  that,  above  all  else,  it  must  have 
exactly  the  right  thickness,  are  requirements  which  can  never 
be  found  satisfied  in  the  same  plate  Besides  this,  it  must  be 
considered  as  a  piece  of  good  fortune  to  find  a  perfectly  homo- 
geneous quartz  plate  In  spite  of  all  these  errors  it  is  true 
that  all  the  ordinary  and  extraordinary  component  rays  leaving 
the  plate  are  linearly  polarized,  but  the  planes  of  polarization 
of  all  the  ordinary  rays  taken  by  themselves,  and  the  planes 
of  polarization  of  the  extraordinary  rays  considered  among 
themselves,  no  longer  coincide,  and  the  path  differences  may 
then  vary  from  each  other  appreciably.  In  other  words  the 
light  emerging  from  the  plate  may  exhibit  all  forms  of  elliptic- 
ally  polarised  rays.  The  whole  series  of  rays  are  then  brought 
back  by  the  analyzer  to  the  same  plane  of  polarization  where 
they  interfere.  If  it  is  further  recalled  that  the  Laurent 
instrument  is  always  constructed  for  sodium  light,  which  is  by 
no  means  perfectly  homogeneous  light,  the  possibility  must  be 

1  I^ippich  Uebei  die  Vergleichbarkeit  polanmetnscher  Messungen,  Ztschr  fur 
Instium,,  ia,  333  (1892). 

a  Rodger  and  Watson :  Phil.  Trans.  I,ondon,  186  A,  621  (1895) ,  Ztschr  phys 
Chem.,  19,  323  (1896). 
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admitted  that  because  of  the  consequent  variations  in  path 
difference  the  final  effect  of  interference  must  differ  from  one 
apparatus  to  another,  and  that  the  light  leaving  the  analyzer 
of  one  apparatus  must  have  a  composition  different  from  that 
leaving  the  analyzer  of  another.  If  the  rotation  dispersion  of 
the  active  substance,  whose  angle  of  rotation  is  being  measured, 
is  also  considered,  it  will  follow,  without  anything  further,  that 
the  observed  angle  of  rotation  may  differ  m  different  instru- 
ments. It  remains  to  show  that  these  differences  may  be  quite 
appreciable 

As  we  shall  see  later,  the  light  in  the  Ltppich  half-shadow 
instrument  remains  always  hnear  and  polarized  in  the  same 
direction^  so  that  in  these  instruments  no  differences  should  be 
found  in  measuring  one  and  the  same  rotation.  Now  let  the 
same  constant  angle  of  rotation  be  found  in  a  Lippich  appa- 
ratus, then  in  several  Laurent  instruments,  one  after  the  other, 
the  same  constant  sodium  flame  being  used  in  all  cases.  Then 
the  readings  of  the  several  Laurent  instruments  will  show 
variable  results  compared  with  that  of  Lippich.  In  the  theo- 
retical part  of  his  paper  Lippich  shows  this  The  difference 
between  the  angles  of  rotation  measured  by  a  Lippich  and 
Laurent  instrument  is  proportional  to  the  size  of  the  angle, 
and  the  proportional  factor  is  a  function  of  the  half-shadow  of 
the  Laurent  apparatus  and  the  construction  of  the  Laurent 
plate.  Therefore,  in  one  and  the  same  Laurent  instrument,  the 
observed  angle  of  rotation  will  vary  with  the  half-shadow. 
When  definite  numerical  values,  such  as  are  found  in  practice, 
are  substituted  in  his  equations,  differences  amounting  to 
d=  1 60"  result  in  measuring  an  angle  of  rotation  of  about  22°. 
It  must  be  further  considered  that  Lippich,  in  his  calculations, 
assumed  all  the  above  conditions  fulfilled,  and  deals  here  with 
this  case  alone  that  the  Laurent  plate  can  have  the  right  thick- 
ness only  for  a  definite  wave-length  of  the  sodium  light.  In 
reality,  therefore,  still  greater  differences  might  appear 

Experiments  made  by  Lippich  are  in  accord  with  his  theo- 
retical considerations.  A  quartz  plate  used  had  a  constant 
angle  of  rotation  of  about  24°.  The  sodium  light  used  was 
filtered  through  a  dichromate  solution  and  a  copper  chloride 
solution  of  known  strength,  so  that  color  differences  left  were 
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extremely  minute.  From  a  number  of 
measurements  agreeing  well  among  them- 
selves, it  was  found  that  the  differences 
between  the  readings  of  a  Lippich  in- 
strument and  two  Laurent  instruments 
amounted  to  45"  and  82".  The  indica- 
tions of  different  Laurent  polatimeters, 
and  of  one  and  the  same  instrument  with 
different  degrees  of  shadow,  can  vary  among 
themselves  and  with  the  Lippich  apparatus 
by  amounts  which  are  greatly  in  excess  of 
the  possible  and  admissible  errors  of  obser- 
vation. The  conclusion  is  warranted  that 
an  angle  of  rotation  measured  by  a  Lau- 
rent half-shadow  polarimeter  cannot  be 
depended  upon  as  correct  within  o.  2  per 
cent 

jr.  Lippich  's  Half  -Shadow  Polarimeter? 

114.  Instrument  with  Double  Field.  —  The 
polarizing  mechanism  of  I/ippich  com- 
bines variability  of  the  half-shadow  with 
use  of  any  heterogeneous  or  homogene- 
ous light,  and  thus  satisfies  the  two  re- 
quirements which  should  be  met  in  the 
most  perfectly  constructed  half-shadow 
instruments  The  construction  of  the 
lyippich  polarizer  is  extremely  simple  In 
front  of  the  polarizing  mcol  A  (Fig.  42), 
there  is  a  second  small  nicol  B,  which  is 
turned  toward  the  analyzer  and  covers 
half  the  large  one  ;  it  is,  therefore,  desig- 
nated as  the  half  prism.  It  is  so  adjusted 
that  the  sharp  edge  C,  shown  as  a  point 
in  the  figure,  lies  in  the  axial  plane  of  the 
apparatus  and  divides  the  round  polarizer 
diaphragm  D  into  two  halves.  The  tele- 


Naturwissensqhaftl.  Jahrbuch  "Lotos," 
new  series,  II,  1880  ;  Ztschr.  flir  Instrum  a,  167  ,  Wien 
Sitzungsber,  II,  91,  loSi;  Ztschr.  ftir  Instrum,  14,^326; 
Wien,  Sitzungsber.  II,  top,  317 
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scope  focuses  on  the  edge  C.  While  the  half  pristn  is  fixed,  the 
large  prism  A,  m  order  to  change  the  half -shadow,  is  made 
movable  around  the  axis  of  the  tube.  The  principal  sections 
of  the  two  prisms  may  make  with  each  other  the  small  angle 
a.  Then  the  light  coming  from  A  and  passing  through  the 
free  half  of  the  field  of  view  is  polarized  vertically  to  the  prin- 
cipal section  of  the  prism  A.  The  other  part  of  the  light  from 
the  same  prism  is  decomposed  into  two  components  on  enter- 
ing B,  and  of  these,  only  the  rays  vertical  to  the  principal 
section  of  the  half -prism  are  able  to  pass  through.  The  light, 
then,  which  comes  through  the  covered  half  of  the  field  of 
view  is  polarized  vertically  to  the  principal  section  of  the  half- 
prism.  We  have,  in  consequence,  a  field  made  up  of  two 
halves  whose  diiections  of  polarization  make  the  small  angle 
a  with  each  other  At  the  same  time,  the  light  of  each  half 
remains  linear  for  all  wave-lengths,  and  polarized  in  the  same 
direction ,  so  that  the  Lippich  polarizer  must  be  considered  as  the 
most  perfect  of  all  half-shadow  constructions.  As  a  part  of  the 
light  reaching  the  half  prism  is  reflected,  absorbed,  and  extin- 
guished in  passage,  the  intensity  of  the  covered  half  of  the 
field  is  always  smaller  than  that  of  the  free  half.  In  the  zero- 
position,  therefore,  the  principal  section  of  the  analyzer  cannot 
exactly  bisect  the  half-shadow  angle,  but  must  make  with  the 
polarization  direction  of  the  whole  prism  a  smaller  angle  than 
with  the  polarization  direction  of  the  half-prism.  Consult 
§105  to  §108. 

The  half  prism  requires  a  special  construction  and  adjust- 
ment. It  cannot  be  made  simply  by  mounting  a  prism  with 
right  end  surfaces  so  >  that  one  side  surface  C  B  falls  along  the 
axis  of  the  apparatus,  because  in  that  case  the  cone  of  rays 
passing  in  the  neighborhood  of  C  K  would  be  partly  cut  off 
If  F  is  the  circular  analyzer  diaphragm,  and  if  a  perfectly 
normal  passage  of  the  rays  is  provided  for,  according  to  §96, 
then  each  half  of  the  field  of  view  will  possess  uniform  bright- 
ness in  case  each  cone  of  rays  from  any  point  of  the  field  of 
view,  whose  base  is  the  analyzer  diaphragm  F,  if  followed 
back  to  the  prism  A,  is  found  to  undergo  no  partial  obstruction 
by  the  half-prism,  and  all  the  ray  cones  which  belong  to  points 
on  the  free  side  of  the  edge  C,  when  prolonged  backwards  do 
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not  fall  in  part  through  the  half -prism,  and  all  other  ray-cones 
which  belong  to  points  on  the  covered  side  traverse  the  half- 
prism  completely.  These  conditions  may  be  perfectly  fulfilled. 
L,et  G  H  be  the  axis  of  the  instrument.  We  shall  consider 
first  a  point  in  the  field  on  the  free  side,  and  very  close  to  C. 
Call  the  angle  J  C  H,  half  of  the  cone  J  C  K,  0,  which  is  deter- 
mined by  the  analyzer  diaphragm  and  the  distance  of  the  latter 
from  the  polarizer  diaphragm,  since  sin  ft  =  J  K/2  C  J.  If 
now,  the  side  surface  C  B  of  the  half -prism  is  given  an  incli- 
nation to  the  axial  plane,  which  is  a  little  larger  than  (3  by  the 
amount  <J,  then  the  cone  of  light  J  C  K,  when  prolonged  back- 
wards, will  reach  the  prism  A  without  suffering  a  partial 
obstruction  by  the  half -prism.  This  naturally  holds  true  for 
all  the  cones  of  light  which  belong  on  the  free  side  and  farther 
away  from  C.  If  the  surface  C  B  of  the  half-prism  is  polished, 
it  is  clear  that  all  rays  reaching  it  on  the  outside  from  A  will 
be  reflected  to  one  side  so  that  they  cannot  pass  through  the 
analyzer  diaphragm  J  K.  Consider  next  the  cones  of  light 
corresponding  to  the  side  of  the  field  covered  by  the  half- 
prism,  and  J  C  K  is  now  the  cone  belonging  to  a  point  on  this 
covered  side,  infinitely  near  to  C.  Followed  backwards  this, 
of  course,  passes  into  the  half-prism  and  will  pass  through  it 
without  being  partially  cut  off,  in  case  the  prism  is  so  constructed 
that  the  ray  K  C  is  bent  m  the  direction  C  L,  because  then  J  C, 
still  further  within  the  prism,  will  be  refracted,  say  to  M.  The 
half-prism  must  be  so  constructed  that  the  ray  C  I/  makes  still 
a  very  small  angle  e  with  the  surface  C  B.  In  order  to  secure 
this,  the  half -prism  cannot  have  perfectly  perpendicular  end 
surfaces,  but  the  angle  B  C  N  =  y  must  be  somewhat  larger 
than  90°.  A  simple  calculation  gives  the  value  y  =  90°  + 
4  ft  +  3  £  -f-  2  tf,  when  e  and  $  are  made  about  10'.  Accord- 
ing to  the  dimensions  of  the  apparatus,  y  must  be,  therefore, 
between  92°  and  94.°  But  care  must  be  taken  to  have  the 
optic  axis  of  the  half -prism  stand  vertical  to  the  long  edge 
C  B,  and  at  the  same  time  parallel  with  or,  better,  vertical  to 
the  refractive  edges  B  and  N.  Now  as  regards  bundles  of 
rays  from  points  further  away  than  C,  it  is  seen  that  they  all 
make  smaller  angles  with  the  perpendicular  to  the  surface 
C  N  than  does  the  ray  K  C,  from  which  it  follows  that  all 
23 
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these  rays  pass  the  half-prism  without  obstruction.  But  all 
other  rays  which  pass  within  the  angle  £,  or  fall  on  the  inner 
polished  surface  of  C  E,  are  so  thrown  to  one  side  that  they 
cannot  reach  the  analyzer.  A  small  portion  of  the  surface 
E  0,  in  the  neighborhood  of  the  edge  E  ;  that  is,  the  part  E  L 
remains,  therefore,  quite  inactive,  so  that  any  lacking  .sharp- 
ness of  this  edge  is  of  no  importance  But  the  edge  Cmust  be  per- 
fectly sharp  and  free  from  faults.  In  this  way,  the  two  halves  of 
the  field  possess  perfectly  uniform  illumination  up  to  the  dividing 
line,  and  if  the  edge  C  is  made  with  a  proper  degree  of  accuracy, 
at  the  end  of  the  zero-point  adjustment  it  will  be  scarcely  visible  ; 
this  is  a  requirement  for  an  easy  and  accurate  reading. 

Unfortunately,  the  opticians  do  not  always  adjust  the  half- 
prism  in  the  manner  just  described,  so  that  in  the  zero-point 
reading,  the  edge  C  appears  as  a  thick  black  dividing  line  be- 
tween the  two  fields,  which  interferes  very  materially  with  the 
accuracy  of  the  observation  But  this  fault  may  be  in  part,  at 
least,  corrected  by  giving  the  diaphragm  placed  immediately 
in  front  of  the  source  of  light  a  rectangular  form,  its  longer 
sides  standing  perpendicular  to  C,  and  about  four  times  as 
large  as  would  appear  necessary  from  the  dimensions  of  the 
illuminating  lens  and  analyzer  diaphragm.  In  this  manner  a 
very  fine  dividing  line  is  secured  again,  but  toward  the  end  of 
the  adjustment  a  narrow,  somewhat  brighter,  space  appears 
parallel  to  C  between  the  two  fields  which,  however,  is  by  no 
means  as  annoying  as  the  sharp  black  dividing  line.  It  must 
be  again  said  that  in  a  properly  constructed  I^ippich  polarizer, 
the  dividing  line  made  by  the  edge  C  may  be  caused  to  dis- 
appear completely  in  the  final  reading. 

In  regard  to  the  accuracy  of  the  I4ppich  apparatus,  it  may 
be  remarked  that  with  a  sufficiently  bright  light,  and  a  half- 
shadow  angle  of  one  degree,  the  mean  error  of  a  reading  is 
about  ±15  seconds  of  arc ;  but  the  adjustment  must  be  made 
from  both  sides  and  the  error  taken  as  the  variation  from  the 
mean  of  all  the  determination.?. 

115.  Instruments  with  Triple  Field. — A  field  of  this  kind  may 
be  secured  by  placing  two  half -prisms  B  and  C  in  front  of  the 
large  polarizing  nicol  A,  in  symmetrical  position,  as  shown  dia- 
grammatically  in  Fig  43 .  The  sharp  edges  E  and  F,  which  are 
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brought  into  focus  by  the  reading  telescope,  divide  the  circular 

field  made  by  the  polarizer  diaphragm  D  into  three  fields,  H,  J, 

and  K.     The  width  of  the  middle  field  J  must  not  be  made  too 

large,  in  order  that  the  two  dividing  lines 

may  be  easily  seen  at  the  same  time.     With 

a  field  of  view  not  too  large,  the  middle  field 

is  chosen  so  as  to  have  the  areas  of  the  three 

fields  about  equal.    What  was  said  in  the 

last  paragraph  about  the  construction  and 

adjustment  of  the  half -prism  holds  strictly 

here  also. 

If  the  principal  sections  of  the  two  half- 
pnsms  are  accurately  parallel,  and  if  they 
make  the  half -shadow  angle  a  -with  the  prin- 
cipal section  of  the  Nicol  A,  which  is  mova- 
ble around  its  axis,  then  when  the  analyzer 
is  turned  so  that  the  two  fields  H  and  J 
have  the  same  brightness,  the  field  K  must 
be  equally  bright,  in  case  the  two  half -prisms 
are  of  the  same  construction.  But  above 
everything  else,  it  is  important  that  the  two 
side  prisms  should  have  the  same  extinguishing  power ;  this  may 
be  most  readily  tested  by  employing  an  intense  light  and  turn- 
ing the  analyzer  to  the  position  of  greatest  darkness  with 
reference  to  the  side  fields  The  prism  A  is  then  turned  to 
make  the  middle  field  as  dark  as  possible  ;  in  this  situation, 
any  inequality  m  the  side  prisms  may  be  most  readily  recog- 
nized 

The  advantage  m  this  arrangement  in  which  equal  illumi- 
nation is  secured  in  three  fields  over  that  with  two  fields,  con- 
sists in  this  increase  in  the  fields  in  which  comparison  of 
brightness  may  be  made,  and  is  favorable  as  long  as  the 
dimensions  of  the  individual  fields  are  not  too  small. 

This  fact  should  be  especially  mentioned  that  the  principal 
sections  of  the  two  side  prisms  need  not  be  exactly  parallel 
with  each  other;  indeed  the  following  considerations  will  show 
that  a  little  distortion  of  the  position  of  one  with  reference 
to  the  other  increases  the  sensitiveness  of  the  readings.  First 
let  us  imagine  the  half  prisms  exactly  parallel,  and  the  analyzer 
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in  that  position  in  which,  the  three  fields,  objectively  considered, 
have  the  same  brightness,  then  it  will  be  necessary  to  turn  the 
analyzer  to  the  right  and  left  through  a  certain  small  angle  ft, 
dependent  on  the  half-shadow  angle  at,  in  order  to  just  see  a 
distinction  between  the  middle  fields  and  the  side  fields.  2  ft 
is  then  the  measure  of  the  uncertainty  of  adjustment  with  this 
arrangement ;  of  course,  leaving  the  increase  of  fields  out  of  con- 
sideration, the  interval  of  uncertainty  with  the  double  field 
may  be  taken  as  2  ft  also  But  if  we  turn  one  of  the  half- 
prisms  by  the  amount  of  the  angle  (3  from  its  parallel  position, 
by  which  the  half -shadow  angle  a  for  the  turned  prism  is  not 
sensibly  changed,  because  of  the  smallness  of/?  (see  §107), 
then  the  conditions  become  different.  In  the  neighborhood  of 
the  zero  position  of  the  analyzer,  in  which  all  three  fields  have 
nearly  the  same  brightness,  a  difference  between  the  side 
fields  H  and  K  will  be  always  just  noticeable.  If  now  we  give 
the  analyzer  such  a  position  that  objectively,  for  example,  the 
middle  field  J  has  the  same  brightness  as  H,  and  in  which,  in 
consequence,  a  difference  between  J  and  K  is  just  distinguish- 
able, then  the  rotation  of  the  analyzer  through  the  angle 
ft,  in  a  certain  direction,  is  sufficient  to  make  a  difference 
between  J  and  H  just  apparent.  The  interval  of  uncertainty 
in  the  adjustment  is  now  ft ;  that  is,  just  half  as  gieat  as 
before.  If  we  take  as  the  limiting  value  for  this  uncertainty 
in  delicacy  p  =  i  per  cent. ,  the  angle  ft  which  the  principal 
sections  of  the  two  side  prisms  must  make  with  each  other  in 
order  to  secure  the  maximum  of  delicacy  is  given,  according 

to  §107,  by  the  formula,  ft  =  515  tan  ~,  in  seconds  of  arc. 

2 

The  polarizer  must  be,  therefore,  so  constructed,  that  all 
necessary  movements  of  the  prisms  may  be  made  after  they 
are  placed  m  the  apparatus.  Inasmuch  as  double  the  accuracy 
may  be  secured  with  the  triple  field  as  is  possible  with  the 
double  field,  as  indeed  I4ppich  has  shown  by  observations, 
the  polarizer  with  triple  field  has  already  come  into  general 
use.  « 

116.  Instrument  According  to  Lummer  with  Quadruple  Field.1 

In  this,  it  is  not  the  uniform  brightness  of  different  fields,  but 

Ztschr  fiir  Instrum ,  16,  209  (1896) 
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the  equally  strong  appearance  of  two  fields  on  a  uniform  back- 
ground winch  is  taken  for  comparison.    With  this  arrange- 
ment the  fields  are  so  polarized  that  on  turning  the  analyzer  in 
one  direction  from  the  zero-position,  the  one  field  of  contrast 
becomes  brighter  in  comparison  with  its  background,  in  pro- 
portion as  the  other  becomes  darker.     In 
order  to  secure  these  relations,  four  polari- 
zation prisms  must  be  used,  so  that  four 
fields  result.     In  front  of  the  large  polar- 
izing nicol  A,  as  shown  in  Fig.  44,  there  is, 
first,  the  moderately  large  half -prism  B,  and 
then  in  front  of  this,  the  two  smaller  half- 
prisms  C  and  D  in  symmetrical  adjustment 
The  field  of  view  F,  bounded  by  the  round 
polarizer    diaphragm  opening  B,   appears 
then  divided  by  the  sharp  edges  of  the  half 
prisms  into  the  four  fields  G,  H,  J,  and  K 
After  the  prisms  A  and  B  are  given  such  a 
position  that  their  principal  sections  make 
the  half-shadow  angle  a  with  each  other,  the 
analyzer  is  turned  until  the  two  fields  H 
and  J  have  the  same  illumination     Then  the 
two  half-prisms  C  and  D  are  adjusted  with 
their  principal  sections  turned  so  that  the  E ' 
fields  G  and  K  differ  to  the  same  extent  in 
brightness  from  the  two  middle  fields  ;  that 
is,  until  these  side  fields  are  either  lighter 
or  darker  than  the  middle  fields,  and  in  the 
same  degree     The  accuracy  of  the  adjust- 
ment is  greatest  when  the  contrast  is  chosen 
as  about  4  per  cent     On  now  turning  the  analyzer  from  its  zero 
position,  that  change  follows  which  is  peculiar  to  the  contrast 
principle  ;  while  the  two  middle  fields  become  unequally  bright, 
the  contiast  between  the  fields  G  and  H  is  diminished  in  the 
same  degree  in  which  that  between  J  and  K.  is  increased,  or  vice 
versa.     As,  however,  the  telescope  cannot  be  focused  on  the 
three  edges,  sharply,  at  the  same  time  it  is  best  not  to  depend 
on  the  help  which  a  comparison  of  the  two  middle  fields  would 
afford,  but  to  focus  on  the  sharp  edges  of  the  two  side  prisms 


Fig  44 
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C  and  D.  Any  lack  of  sharpness  in  the  middle  line  is  then  of 
no  importance,  as  in  the  neighborhood  of  the  zero  position  of 
the  analyzer,  the  two  middle  fields  have  the  same  brightness. 
But  up  to  the  present  time  fuller  results  as  to  the  practical 
working  of  this  somewhat  complicated  contrast  polarizer  are 
lacking. 

6.  Mechanical  Constructions  of  the  Lzppich  Polarization 

Apparatus 

117.  Landolt's  Apparatus.1 — In  order  to  avoid  repetitions,  it 
may  be  recalled  that  the  part  of  the  apparatus  turned  toward  the 
source  of  light  contains,  always,  the  illumination  lens  and  the 
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I4ppich  polarizer  with  double  or  triple  field,  while  at  the  other 
end  of  the  instrument  are  found  the  analyzer,  the  telescope, 
and  the  graduated  circle.  I^andolt  has  given  the  I^ippich 
apparatus  a  form,  making  it  suitable  for  use  in  chemical  labo- 
ratories, so  that  not  only  may  tubes  be  examined  in  it,  but 
vessels  of  any  shape  may  be  inserted  between  polarizer  and 
analyzer.  This  instrument  is  illustrated  in  Fig.  45  and  con- 
sists of  a  strong  iron  bar,  a,  on  one  end  of  which  are  attached 
the  analyzer,  turned  by  the  lever  c,  the  graduated  circle  b, 
and  reading  microscopes  (for  reading  to  0.01°),  while  at  the 

1  I,andott  "Ueber  erne  veranderte  Form  des  Polansationsapparates  fur  chenusche 
Zwecke"  Herd  chem.  Ges, ,  a8,  3102  The  instruments  are  made  by  Schmidt  and 
Haensch,  Berlin 


other  end  there  is  the  polarizer  d,  whose  movable  prism  may 
be  adjusted  to  change  the  half-shadow  angle  by  means  of  the 
lever  e.  The  whole  combination  may  be  attached  to  a  strong 
Bunsen  stand  and  clamped  fast.  The  guide  sleeve  is  furnished 
with  a  thread  below,  and  the  nut  g,  by  which  means  a 
horizontal  arm  holding  at  its  ends  two  prismatic  carriers  f  f 
may  be  moved  up  or  down.  Two  small  steel  rods  dropped 
from  the  bar  a  provide  for  perfectly  vertical  motion.  The 
trough  h  which  is  intended  to  hold  polarization  tubes  may  be 
attached  to  the  carriers  f  f  and  moved  up  or  down  until  the 
tube  is  brought  into  the  axis  of  the  apparatus  ;  the  final  verti- 
cal adjustment  is  accomplished  by  aid  of  the  screw  at  g  ;  the 
trough  h  is  also  slightly  movable  on  its  bed  plate,  through  a 
small  angle.  Besides  this,  a  brass 
plate  i  may  be  placed  on  the  car- 
riers instead  of  the  trough,  and 
this  serves  to  carry  vessels  of 
glass.  For  the  investigation  of 
substances  in  strongly  heated 
or  molten  condition,  or  for  the 
application  of  very  low  temper- 
atures, the  arrangement  in  Fig. 
46  may  be  used  This  is  a  rec- 
tangular brass  box,  through 
which  a  gold  plated  brass  tube 
passes,  the  projecting  ends  of  which  may  be  closed  by  glass 
plates  and  screw  caps  A  narrow  tube  which  is  soldered  to 
this  observation  tube,  and  which  passes  through  the  movable 
top  of  the  box  provides  for  the  expansion  or  contraction  of  the 
active  substance  filled  into  it.  Besides  this  there  are  openings 
in  the  cover  for  a  thermometer  and  stirrer.  If  the  box  is  filled 
with  some  substance  suitable  for  a  bath,  and  heated  by  means 
of  a  lamp  placed  beneath,  it  is  possible  to  study  the  rotating 
power  of  bodies  at  any  desired  high  temperature ;  it  is  advisable 
to  cover  the  box  with  a  protecting  layer  of  asbestos  and  put  up 
screens  to  protect  other  parts  of  the  apparatus  as  far  as  possible 
from  the  high  temperature.  If  the  box  is  filled  with  a  freezing 
mixture  for  investigations  at  a  low  temperature,  it  is  neces- 
sary to  attach  glass  cylinders,  furnished  at  the  ends  with  plane 
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glass  plates,  to  the  screw  caps  and  put  in  these  a  little  calcium 
chloride  to  prevent  precipitation  of  moisture. 

n8.  Apparatus  with  Adjustable  Length.1 — In  many  investiga- 
tions it  is  an  advantage  to  be  able  to  change  the  distance  be- 
tween polarizer  and  analyzer  at  will.  Fig.  47  illustrates  the 


Fig  47 

construction  of  apparatus  in  which  this  is  possible,  the  sup- 
porting parts  being  made  intentionally  heavy.  In  this  the 
carriers  of  the  optical  parts  A,  B  and  C  may  be  moved  along  a 
strong  cast-iron  optical  bench  D  and  clamped  fast  by  the 
screws  E  in  any  desired  position.  Then  motion  in  a  vertical 
direction  is  made  possible  by  the  rack  and  pinion  mechanism  at 
F  and  the  set  screws  G.  C  supports  a  glass  trough  made  to 

1  JE?rom  Schmidt  and  Haen*ch,  Berlin 
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contain  solutions  for  the  purification  of  the  light,  B  the  illu- 
minating lens,  and  the  I,ippich  polarizer,  A  the  analyzer,  the 
telescope,  and  the  graduated  circle.     Here,  also,  any  desired 
vessels  may  be  inserted  between  the  polarizer  and  analyzer.   In 
the  figure,  a  heating  vessel  and  air-bath  are  shown,  which,  in 
some  points,  are  different  from  the  construction  described  in 
the  last  paragraph.    The  box  H,  of  brass,  serves  as  an  air-bath, 
and  has  at  the  sides  two  projecting  tubes  J  with  glass  caps. 
The  cell  to  hold  the  substance  to  be  investigated,  K,  is  shown 
in  the  figure  on  top  of  the  air-bath  H.     At  the  time  of  ex- 
periment, this  is  brought  down  into  H,  and  in  central  adjust- 
ment on  a  little  table  at  the  bottom  of  H.    The  cell  K.  is  made 
of  brass  and  nickel  plated  ;  but  the  two  ends  through  which 
the  polarized  light  must  pass  are  made  of  parallel  glass  plates. 
The  screw  cover  of  the  cell,  and  corresponding  to  this  the  cover 
of  the  air-bath  H  contains  two  holes  through  one  of  which  in 
each  case  the  little  tube  L  passes,  which  permits  the  expansion 
of  the  substance  during  warming,  while  through  the  other 
openings,  the  thermometer  M  may  be  introduced  into  the  cell 

K. 

119.  Apparatus  for  Especially  Exact  Measurements.1— The  large 


Fig  48 
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apparatus  shown  in  Fig.  48  permits   a  very  accurate  reading 

»  From  Schmidt  and  Haensch.  Berlin 
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of  the  graduated  circle.  Two  strong  cast  iron  carriers,  A  and 
B,  each  of  which  ends  in  two  legs,  are  attached  in  vertical  posi- 
tion by  aid  of  three  horizontal,  nickel  plated  brass  rods  C,  and 
with  these  constitute  a  heavy  solid  stand.  This  is  screwed  down 
to  a  thick  wooden  base  through  the  four  legs ,  of  the  two  car- 
riers one,  A,  serves  to  hold  the  illuminating  lens  and  the  Lip- 
pich  polarizer,  the  other,  B,  supports  the  analyzer,  the  gradu- 
ated circle,  and  the  telescope.  For  protection  of  the  gradu- 
ation, the  circle  ts  covered  with  the  case  D,  which  has  two 
mica  covered  openings  in  the  neighborhood  of  the  two  read- 
ing telescopes  E.  By  aid  of  the  four  arms  F,  the 
graduated  circle  may  be  rotated  on  its  axis  ,  it 
may  be  fastened  by  the  clamp  screw  G,  and  then 
the  more  delicate  motion  may  be  accomplished 
by  aid  of  the  lever  H,  the  lower  end  of  which 
rests  against  a  point  attached  to  a  spiral  spring  J 
on  one  side,  and  on  the  other,  against  the  microm- 
eter screw  K.  With  this  construction,  it  is  pos- 
sible to  move  the  circle  and  the  attached  analyzer 
rapidly  to  and  fro  across  the  zero  position  without 
any  lost  motion,  which  is  very  advantageous  for 
the  observation.  The  illumination  of  the  circle 
is  provided  for  by  the  two  gas-lamps  L,  (only  one 
is  shown  in  the  figure),  the  light  from  which  is 
reflected  on  the  circle  by  aid  of  the  bent  glass 
rods  M  which  are  blackened  on  the  outside,  while 
at  the  same  time  the  movable  glass  arm  N  illu- 
minates the  notebook  of  the  observer,  and  one  of  the  two  mi- 
crometer screw-heads  O.  The  light  from  N  may  be  shut  off  b> 
turning  the  black  screen  P  The  illumination  may  be  still  more 
easily  accomplished  by  aid  of  small  incandescent  lamps  attached 
in  the  right  positions  On  looking  through  one  of  the  reading 
telescopes  Bin  making  the  observation,  an  image  such  as  is  illus- 
trated in  Fig  49  is  seen  The  two  parallel  threads  running 
through  the  field  between  the  marks  198  and  199  serve  as  an  in- 
dex These  threads  may  be  moved  in  a  vertical  direction  by  aid 
of  the  screw-head  O.  To  count  the  revolutions,  the  micrometer 
is  furnished  with  a  counting  scale  in  focus  of  the  ocular;  the  mo- 
tion from  tooth  to  tooth  corresponds  to  a  complete  revolution  of 
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the  head.  One  point  on  the  scale  is  distinguished  by  a  deeper 
indentation,  and  from  this  the  rotations  of  the  screw-head  made 
are  counted.  One  full  revolution  of  the  screw-head  corresponds 
to  half  the  interval  between  the  two  division  marks  on  the 
graduated  circle,  that  is  to  0.1°  Now,  as  the  head  is  divided 
into  50  parts,  one  of  these  must  equal  o  002  The  threads  are 
to  be  so  adjusted  that  they  pass  through  the  deep  indentation 
of  the  counting  scale  when  the  index  of  the  screw-head  is  at 
the  zero  point  on  the  screw-head  graduation  This  is  the 
fixed  zero  position  of  the  threads  from  which  the  observed 
rotation  is  estimated  ;  in  the  figure  the  threads  are  shown  a 
little  away  from  this  zero  position.  The  reading,  in  the  case 
illustrated  by  the  figure,  would  be  made  in  this  way.  198.7° 
is  first  read.  Then  by  turning  the  screw,  the  threads  are 
brought  into  such  a  position  that  they  include  the  division 
198  6°  centered  between  them  In  the  illustration  it  will  be 
necessary  to  give  the  screw-head  over  one  complete  revolution 
to  accomplish  this.  If  the  figures  on  the  head  graduation 
run  so  that  larger  numbers  are  passed  in  doing  this  and,  if 
finally,  the  index  stands  at  36  5,  then  36.5  X  o  002°  must  be 
added  to  the  first  reading  of  198.7°  ;  that  is,  the  complete  read- 
ing is  198  773°  In  these  instruments,  the  large  circle  is 
usually  divided  into  400°,  from  which  it  follows  that  the 
figures  so  read  off,  must  be  multiplied  by  o  9  to  obtain  the 
true  degrees  of  arc.1  As  it  is  not  difficult  to  read  o  0009° 
in  this  manner,  and  as  the  mean  error  of  reading  an  adjustment 
is  about  ±  o  0005°,  it  must  be  determined  whether  or  not  the 
errors  due  to  lost  motion  along  with  periodic  and  continuous 
errors  in  the  screw  are  all  below  o  0005°,  if  one  is  to  be  cer- 
tain of  introducing  no  systematic  errors  in  the  final  result 
Two  complete  micrometer  screw-head  revolutions  must  corre- 
spond with  the  same  degree  of  accuracy  to  the  interval  be- 
tween any  two  divisions  on  the  graduated  circle.  That  such 
an  accurate  reading  is  not  illusory,  will  be  admitted  when  it  is 
remembered  that  under  favorable  conditions  the  mean  error  of 
an  adjustment  is  less  than  ±:  0.002°. 
The  apparatus  shown  in  Fig.  48  is  suitable  also  for  the 

1  As  no  great  amount  of  work  is  required  for  this  multiplication,  it  must  be  co'n- 
sidered  as  inexcusable  in  scientific  publications  to  report  figures  for  a  penphery  of 
400*,  because  in  this  way,  lasting  errors  will  be  introduced  into  the  literature. 
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investigation  of  electro-magnetic  rotations.  The  spools  to 
hold  the  copper  wire  cojls  and  observation  tubes  are  carried  on 
sliders  which  work  on  the  two  brass  rails  Q,  so  that  they  may 
be  easily  shunted  in  or  out  of  the  field  as  desired. 

120.  Allowance  for  the  Earth's  Magnetism.  —  As  the  large  appa- 
ratus just  described  may  be  used  in  very  exact  determinations, 
this  is  the  proper  place  to  add  a  few  remarks  on  the  extent  of 
the  influence  of  the  earth's  magnetism  in  the  measurement  of 
a«i  angle  of  rotation.  The  amount  of  the  electro-magnetic 
rotation  of  the  plane  of  polarization  depends  on  the  substance, 
and  is  proportional  to  the  length  of  layer  and  to  the  intensity 
of  the  electric  or  magnetic  field  component  parallel  to  the 
direction  of  the  light  rays.  Most  substances  possess  a  positive 
magnetic  rotating  power  ,  that  is,  they  turn  the  plane  of  polari- 
zation in  the  same  direction  in  which  the  galvanic  current 
which  may  be  considered  as  producing  the  magnetic  field 
flows.  Therefore,  in  considering  the  influence  of  the  earth'  s 
magnetism,  as  the  light  rays  always  pass  horizontally  through 
the  apparatus,  we  are  concerned  only  with  the  horizontal  com- 
ponent of  the  earth's  magnetism, 


-4    *- 
g  s 

If  then  the  effect  of  the  earth's  magnetism  is  to  be  wholly 
avoided,  the  axis  of  the  apparatus  should  be  placed  perpen- 
dicularly to  the  magnetic  meridian.  If  the  axis  lies  in  this 
meridian,  the  effect  of  the  earth's  magnetism  on  the  rotation, 
<p,  reaches  a  maximum.  If,  besides  this,  the  light  rays  pass 
in  the  meridian  from  north  to  south,  the  rotation  of  the  plane 
of  polarization  is  in  the  negative  direction  In  order  to  give 
an  idea  of  the  maximum  value  of  the  magnetic  rotation,  q>, 
the  following  figures  for  sodium  light  are  sufficient  :  for  a 
quartz  plate,  i  mm.  thick,  ground  perpendicularly  to  the  axis 
tp  =  o  021".  In  quartz  investigations,  therefore,  the  influence 
of  the  earth's  magnetism  is  of  no  moment.  But  the  case  is 
different  with  tubes  of  liquids  If  the  tube  contains  pure 
water,  this  and  the  end  plates  also  rotate  the  plane  of  polari- 
zation  While  the  effect  of  the  latter  is  always  very  small, 
since  for  a  plate  of  glass  i  mm.  in  thickness,  cp  is  o  049",  the 
rotation  of  a  column  of  water,  20  cm  in  length,  is  <p  =  3.0"; 
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that  is  an  amount  which  must  be  taken  into  consideration  in 
exact  investigations,  certainly  at  least  in  the  calculation,  of 
errors.  It  is  always  best  to  place  the  axis  of  the  apparatus 
perpendicular  to  the  magnetic  meridian  so  as  to  wholly  elimi- 
nate the  magnetic  effect  It  may  be  remarked  in  conclusion, 
that  the  magnetic  rotation  in  gases  and  vapors  may  be  wholly 
neglected 

7    Lummer's  Half-Shadow  Apparatu^ 

121.  Description  and  Theory  of  the  Instrument. — As   it   has  not 
yet  been  fully  described,  the  illustra- 
tion in  Fig  50  is  only  diagrammatic,  A 
and  the  discussion  will  be  brief     The  (  1 
hypothenuse  surface  A  B,  of  a  right  ^ 
angled  glass  prism  A  B  C,  as  free  as 
possible  from  any  strain,  is  silvered 
and  a  part  of  the  silver  layer  removed 
Care  is  taken  to  have  the  two  fields  join  each 
other  with  perfectly  sharp  edges,  and  that  they 
have  a  position  perpendicular  to  the  refractive 
edge  of  the  prism.     The  illuminating  lens  D  is 
placed  in  front  of  one  of  the  side  surfaces  of  the 
prism  A  C,  and  between  them  the  polarizing  Nicol 
E,  so  that  the  light  rays  suffer  total  reflection  on 
the  hypothenuse  surface  A  B      The  analyzer  F 
and  the  telescope  G  H  J  face  the  other  cathetus 
surface  B  C,   and  the  two  hypothenuse  fields  are 
brought  into  focus     Imagine  the  polarizer  placed 
at  first  so  that  its  principal  section  is  vertical  to  the 
plane  of  reflection  ;  that  is,  so  that  the  plane  of 
polarization  forms  zero  angle  with  the  plane  of 
reflection,  then  the  light  reflected  frorii  the  glass 
and  silver  surfaces,  and  passing  through  B  C  is 
rectilinearly  polarized  and  in  the  plane  of  reflec- 
tion.    The  two  fields  appear  uniformly  light  or 
dark  with  any  position  of  the  analyzer  F.    But  if 
the  plane  of  polarization  of  the  polarizer  B  be 

turned  through  the  angle  —  away  from  the  position  parallel  to 

i  Rummer    Ztschr.  fur  Instrum  13,  993  (1895} 
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the  plane  of  reflection,  then  the  planes  of  polarization  of  the 
light  reflected  from  the  glass  and  silver  surfaces,  are  sym- 
metrical to  the  plane  of  reflection  and  the  two  fields  be- 
have as  half -shadow  fields,  whose  half -shadow  is  equal  to  a. 
Of  course,  a  division  into  three  or  any  number  of  parts  may 
be  made  in  the  simplest  manner  in  the  field  of  view.  But 
it  is  difficult  to  secure  a  glass  prism  perfectly  free  from  dis- 
tortion strains,  and  to  prevent  such  from  appearing  during  an 
observation.  There  are  noticed,  therefore,  even  with  small 
half -shadows,  brighter  or  darker  parts  in  the  field  of  view. 
Further,  the  light  leaving  the  prism  is  not  absolutely  linearly 
polarized,  but  also  elliptically,  and  this  the  more  strongly,  the 
larger  the  half -shadow.  For  the  reasons  mentioned  in  §113, 
the  apparatus  should  not,  therefore,  be  used  in  exact  measure- 
ments. 

b.  Saccharimeters 

122.  Simple  Wedge-Compensation. — The  saccharimeters  largely 
used  in  practice,  serve  especially  for  the  determination  of  the 
strength  of  sugar  solutions  Such  a  determination  may  be 
made  with  any  of  the  instruments  described  above,  but  they 
require  homogeneous  light ;  to  be  able  to  use  ordinary  white 
light  in  practical  work  was  the  leading  factor  which  led  to 
the  construction  of  the  saccharimeters.  This  problem  was 
solved  in  1848  by  the  wedge-compensation  of  Soleil,  which  is 
the  characteristic  part  in  all  saccharimeters.  This  will,  there- 
fore, be  described  first,  but  it  may  be  remarked  that  a  full 
discussion  of  the  theory  of  wedge-compensation  would  lead  too 
far  here,  and  it  must  be  left  for  a  special  treatment. 

As  already  explained,  quartz  plates  cut  perpendicularly  to 
the  axis  rotate  the  plane  of  polarized  light,  and  rather  strongly, 
since  a  plate  i  mm.  in  thickness  turns  the  plane  of  sodium 
light  about  ±21.72°.  In  order  to  simplify  the  following  con- 
siderations we  shall  assume  any  of  the  polarization  instruments 
as  illuminated  by  homogeneous  light.  We  place  the  analyzer 
in  the  zero  position,  or  as  we  may  briefly  express  it  with  Fnc, 
in  the  position  of  optical  equilibrium.  Then  bring  between  the 
polarizer  and  analyzer  any  positively  or  negatively  rotating 
substance  and  the  optical  equilibrium  will  be  destroyed,  which 
may  be  restored  again,  without  turning  the  analyzer  by  adding, 
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also  between  polarizer  and  analyzer,  a  negative  or  positive 
quartz  plate  of  such  thickness  that  the  algebraic  sum  of  the 
rotations  of  the  active  body  and  the  quartz  is  equal  to  zero. 
It  is  then  said  that  the  rotation  of  the  body  zs  compensated  by 
the  opposite  rotation  of  the  quarts.  The  Soleil  wedge-compen- 
sation is  nothing  but  such  a  quartz  plate,  whose  thickness, 
within  certain  limits,  may  be  changed  so 
as  to  compensate  any  desired  rotation 
within  limits  Of  two  equally  thick, 
plane  parallel  quartz  plates,  cut  perpen- 
dicularly to  the  axis,  the  negative  one 
A  B  C  D  and  the  positive  one  E  F  G  H, 
Fig  51,  imagine  one,  say  the  latter,  divi- 
ded by  a  cut,  vertical  to  the  plane  of  the 
paper,  into  the  two  wedges,  E  J  K  H  and 
J  F  G  K,  and  that  the  last  is  enlarged  to 
form  the  wedge  L,  M  N.  The  large  and 
the  small  wedge  have  now  the  same 
wedge-angle.  The  whole  wedge-compen- 
sation is  situated  between  the  polarizer 
and  analyzer,  so  that  the  light  rays  pass 
in  and  out  from  tjie  surfaces  B  C  and  E  H  , 
the  negative  plate  and  the  small  wedge 
are  fixed,  while  the  large  wedge  may  be  \  ' 

moved  along  J  K      In  moving  the  long  \  ; 

wedge,  the  surfaces  E  H  and  M  N  remain 
always  parallel,  so  that  the  two  wedges  Plg  5I 

form  a  positive  quartz-plate  of  variable  thickness.  In  the 
position  of  the  plates  illustrated  in  the  figure,  the  whole  com- 
pensation gives  the  rotation  zero,  as  E  F  =  A  B  If  the  long 
wedge  is  moved  so  that  I/  approaches  J,  the  thickness  of  the 
positive  plate  will  exceed  that  of  the  negative,  and  the  wedge- 
compensation  will  produce  a  positive  rotation  with  which  the 
negative  rotation  of  an  active  body  may  be  compensated.  If, 
on  the  other  hand,  the  large  wedge  is  shoved  in  the  opposite 
direction,  so  that  N  approaches  K,  then  the  thickness  of  the 
negative  plate  is  in  excess,  and  positive  rotations  which  are 
not  too  large  may  be  compensated.  The  greatest  possible 
change  in  thickness  is  secured,  the  longer  the  large  wedge  is 


368  SACCHARIMETERS 

made,  and  the  greater  the  wedge  angle,  Practically  the  long 
wedge  is  not  shoved  along  J  K,  but  the  two  wedges  are  sepa- 
rated as  shown  in  Fig.  51  below,  and  then  the  long  wedge  is 
so  moved  that  the  surface  M  N  remains  in  the  same  relative 
position  parallel  to  E  H.  But  as  the  layer  of  air  remaining 
between  the  two  wedges  effects  a  lateral  displacement  of  the 
whole  system  of  rays  going  through  the  apparatus,  the  two 
wedges  are  separated  no  further  than  is  absolutely  necessary 
to  permit  the  free  motion  of  the  large  wedge.  This  displace- 
ment of  the  rays  by  the  air  explains  also  why  the  wedge-com- 
pensation does  not  give  exactly  zero  rotation  when  the  thick- 
ness of  the  two  wedges  together  is  exactly  equal  to  that  of  the 
negative  plate.  If  the  mounting  of  the  large  wedge  is  fur- 
nished with  a  scale,  the  displacement  of  this,  with  reference 
to  a  fixed  vernier,  is  directly  proportional  to  the  change  of  thick- 
ness of  the  positive  plate. 

Now,  let  us  suppose  the  apparatus  illuminated  by  white 
light,  it  being  assumed,  of  course,  that  the  polarizer  permits 
this,  which  is  the  case  with  the  accurate  I,ippich  half-shadow 
instrument,  and  let  the  analyzer  be  turned  to  optical  equilib- 
rium Then  on  inserting  the  wedge-compensation  again 
between  polarizer  and  analyzer,  it  will  be  found  that  optical 
equilibrium  is  restored  when  the  large  wedge  is  turned  so  as 
to  indicate  zero  rotation.  This  appears  simultaneously  for 
rays  of  all  wave-lengths,  because  the  rotation  dispersion  is  the 
same  for  positive  and  negative  quartz-plates  But,  at  the  same 
time,  it  is  found  that  because  of  this  rotation  dispersion,  the  rota- 
tion of  such  active  bodies  only,  as  have  the  same  dispersion  as 
quarts,  may  be  compensated  by  the  wedge-combination.  The 
rotation  of  quartz-plates  in  the  first  place  may  be  compensated, 
and  also  that  of  sugar  solutions,  since,  as  shown  m  §45,  the 
rotation  of  cane-sugar  is  very  nearly  the  same  as  that  of  quartz. 
It  is  because  of  this  fact  that  the  construction  of  saccharhn- 
eters,  which  may  be  employed  with  white  light,  is  possible. 

123.  Double    Wedge-Compensation   of   Schmidt    and    Haensch  — 

In  the  double  wedge-compensation    system  introduced  in 

saccharimetry  by  Schmidt  and  Haensch,  the  negative  plate  of 

Fig.  51  is  replaced  by  two  negative  quartz- wedges  of  the  same 
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angle,  so  that  the  negative  as  well  as  the  positive  -plate  p<?§- 
sesses  a  variable  thickness.  This  double  wedge-compensation 
is  shown  m  Fig,  52.  The  smaller  wedges  are  fixed,  and  the 
large  ones,  as  before,  movable.  The  thick  ends  of  the  large 
wedges  face  in  the  same  direction,  so  as  to  eliminate  as  far  as 
possible,  the  displacement  of  an  air  layer  between  the  wedges. 
Ordinarily,  the  wedge  angles  of  the  negative  wedges  are  made, 
as  nearly  as  possible,  equal  to  those  of  the  positive.  As  may 
be  readily  seen,  it  is  possible  with  this  combination  to  compen- 
sate negative  as  well  as  positive  rotations.  Its  great  advantage 
over  the  single  wedge  arrangement  is 
found  in  the  fact  that  it  does  not  give  the 
zero-rotation  for  a  single  position  only  of 
the  large  wedges  as  shown,  for  example, 
in  Fig.  52,  but  for  any  position  of  the  one 
wedges,  a  corresponding  one  of  the  other 
may  be  found  for  which  the  rotation  is 
again  zero.  This  follows  from  the  fact 
that  the  thicknesses  of  the  positive  and 
negative  plates  are  changed  to  the  same  extent  by  movement  in 
the  same  direction  A  small  rotation  may,  therefore,  be  com- 
pensated several  times  by  choosing  different  parts  of  the  large 
wedges,  so  that  it  is  possible  to  largely  eliminate  wedge  errors  by 
taking  the  mean  of  these  several  determinations  Other  facts 
concerning  double  wedge- compensation  can  be  brought  out  in 
the  discussions  of  the  following  paragraphs. 

124.  Preparation  of  a  Sugar  Scale  for  Polariscoped  with  Circular 
Graduation. — The  following  paragraphs  deal  with  the  sugar  scale 
introduced  into  German  sacchanmetry  by  Ventzke,  which  is 
naturally  the  most  important  part  of  the  sacchanmeter.  We 
enter  upon  a  field  in  which,  unfortunately,  much  uncertainty 
still  exists,  and  in  part  must  exist,  since  experimental  investi- 
gations in  this  direction  have  not  yet  handled  the  subject  with 
sufficient  completeness  or  accuracy.  For  this  reason,  in  the 
following,  many  points  will  be  touched  upon  only  briefly,  and 
others  not  at  all.  Above  all,  it  must  be  explained  at  the  start, 
the  method  will  not  be  indicated  here  which  alone  can  lead  to 
a  scientifically  unobjectionable  sugar  scale.  >  Complete  clear- 
ness and  accuracy  in  this  field  can  be  expected  only  after  the 
24 
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conclusion  of  the  extended  investigations  which  have  been 
undertaken  by  the  Reichsanstalt. 

It  is  important  in  practice  to  have  a  scale  which  shows  directly 
in  per  cent  the  amount  of  sugar  in  the  substance  investigated. 
It  will  be  assumed  in  all  that  follows,  that  a  constant  tempera- 
ture of  say  20°  is  maintained.  Let  a  grams  of  pure  sugar  be 
dissolved  in  enough  water  to  make  a  solution  of  exactly  100 
cc.  and  then  polarize  the  solution  in  a  20  cm  tube  of  the  I^ip- 
pich  polariaieter,  using  sodium  light ;  let  the  observed  angle  be 
J3.  We  shall  consider  a  as  the  normal  weight  and  designate 
the  solution  made  as  the  normal  sugar  solution,  Next  assume 
a  solid  or  liquid  substance  which  contains  along  with  sugar, 
only  such  bodies  as  are  inactive  and  soluble  in  water.  In  100 
grams  of  this  substance  let  there  be  present  p  grams  of  pure 
sugar ;  then  p  is  the  percentage  amount  of  sugar  and  the  determi- 
nation of  this  is  the  problem  of  optical  saccharimetry.  Dissolve 
now  a  grams  of  this  substance  m  water,  dilute  to  100  cc  and 
polarize  as  before  in  the  20  cm.  tube ,  the  observed  angle  is 
now  y.  For  aqueous  sugar  solutions  the  rotation  is  known 
to  be  proportional  to  the  concentration  ;  that  is,  to  the  number 
of  grams  in  100  cc.  of  the  solution  (as  this  is  not  absolutely 
true,  the  variations  and  corrections  will  be  discussed  later) . 
As  the  concentration  of  the  normal  sugar  solution  is  a,  and 
that  of  the  second  solution  o.oi  a  p,  then  it  follows  that 

IOO  1^ 

ft  :  y  -  .  a  -  o  01  a  p,  from  which  p  =  ,  or  also,  /3  :  y    • 

/"* 

100  .  p  ;  that  fe,  the  two  angles  of  rotation  are  related,  as  are 
the  percentage  strengths  of  the  original  substances,  the  strength 
of  the  pure  sugar  being,  of  course,  100  per  cent  Now,  if  we 
take  ft  =  loo,  y  will  be  equal  to^»,  and  in  polarizing,  we  read 
directly  the  desired  percentage  strength.  Therefore,  in  order 
to  find  the  percentage  amount  of  sugar  in  a  substance,  it  is 
only  necessary  to  polarize  in  a  20  cm.  tube,  a  solution  of  the 
substance  which  contains  the  normal  weight  dissolved  to  make 
loo  cc  As  seen,  this  normal  weight  may  be  chosen  quite  arbi- 
trarily ;  the  length  only  of  the  sugar  scale  depends  on  it,  as  this 
is  proportional  to  the  normal  weight  We  shall  apply  this 
sugar  scale  of  the  polarimeter  now  to  the  saccharimeters 
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125.  Preparation  of  the  Sugar  Scale  for  Saccharimeters, — I^et  the 
analyzer  of  the  polarization  apparatus,  using  white  light,  be^ 
brought  into  the  position  of  optical  equilibrium  and  insert  the 
single  Soleil  wedge-compensation  between  the  analyzer  and 
analyzer  diaphragm,  so  as  to  be  able  to  compensate  the  positive 
rotation  of  sugar  solutions  We  assume  the  constant  tempera- 
ture of  say  20°,  and,  for  the  moment,  perfect  equality  in  the 
rotation  dispersion  of  sugar  an.d  quartz.  Then  let  the  large 
wedge  be  so  moved  that  optical  equilibrium  still  obtains,  and 
at  some  convenient  point  on  the  setting  of  the  large  wedge 
make  a  mark  to  be  designated  as  o  This  mark  prolonged  to 
the  fixed  framework  of  the  mounting,  gives  the  fixed  index 
position.  In  this  way  the  zero-point  ot  the  apparatus  is  deter- 
mined. Then  the  normal  sugar  solution  in  the  20  cm.  tube  is 
inserted,  and  the  large  wedge  is  moved  until  optical  equilib- 
rium is  secured  again  A  second  mark  is  now  made  on  the 
large  wedge,  opposite  the  fixed  index  mark,  and  this  is  desig- 
nated 100  In  this  manner,  the  extremely  important  100 
mark  of  the  instrument,  upon  the  accuracy  of  which  every- 
thing depends,  is  established.  If,  next,  the  interval  between 
the  o  mark  and  the  100  mark  is  divided  into  a  convenient 
number  of  exactly  equal  divisions,  the  instrument  is  ready  for 
use.  As  the  displacement  of  the  large  wedge  is  exactly  pro- 
portional to  the  amount  of  rotation  of  the  inserted  sugar  solu- 
tion, it  follows  that  the  percentage  strength  of  pure  sugar  may 
be  again  read  off  directly  on  the  scale.  If  the  normal  weight  of 
a  substance  is  dissolved  in  water,  diluted  to  100  cc  ,  and  if  the 
solution  is  polarized  in  a  20  cm  tube,  the  number  read  on  the 
scale  gives  the  percentage  amount  of  pure  sugar  present. 

Imagine  next  a  positive  quartz  plate,  perfectly  plane  paral- 
lel, and  cut  perpendicularly  to  the  optical  axis,  and  of  such 
a  thickness  that  it  gives  the  100  point  in  an  accurately  gradu- 
ated sacchanmeter.  By  the  aid  of  such  a  plate,  it  will  now  be 
much  easier  to  control  the  100  mark  of  instruments  than 
through  the  use  of  a  normal  sugar  solution,  the  exact  prepa- 
ration of  which  requires  the  expenditure  of  much  time.  A 
quartz-plate  so  made  is  called  a  normal  quartz-plate,  and,  as  a 
matter  of  fact,  all  saccharimeters  are  in  practice  graduated  by 
it.  Normal  quarts-plates  are  to  be  defined,  naturally,  by  their 
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rotation  and  not  by  their  thickness,  because  the  latter  cannot 
by  any  means  be  as  accurately  measured  as  the  rotation.  It  need 
hardly  be  remarked  that  saccharimeters  may,  of  course,  be 
graduated  with  quartz-plates  which  do  not  polarize  exactly 
loo,  as  long  as  it  is  known  to  what  value  on  the  sugar  scale 
they  correspond. 

126.  The  Veutzke  Sugar  Scale. — The  normal  weight  has  not 
been  numerically  defined  in  the  preceding  paragraphs,  because 
it  may  be  arbitrarily  chosen,  and  in  the  course  of  time  has 
been  frequently  changed  At  the  present  time,  only  two  sugar 
scales  are  found  in  common  use,  the  German  or  Ventzke  scale, 
and  the  French  scale,  of  which  the  first  only  will  be  discussed. 
The  French  scale1  must  be  considered  as  quite  unsatisfactory 
as  its  hundred  point  is  defined  by  the  rotation  of  a  quartz-plate 
i  mm  in  thickness.  This  use  of  the  thickness  of  a  quartz- 
plate  in  the  definition  of  a  sugar  scale  is  not  alone  wholly  un- 
necessary, but  it  is  also  very  unpractical,  because  as  often  as 
the  absolute  rotation  of  i  mm  of  quartz  is  differently  deter- 
mined, it  is  necessary  to  correspondingly  change  the  normal 
weight ;  this  explains  why  it  is  that  the  French  normal  weight 
has  been  changed  at  least  once  in  every  ten  years. 

Ventzke2  proposed,  first,  a  method  for  preparing  the  normal 
sugar  solution,  which  was  intended  to  render  the  use  of  a 
balance  unnecessary.  He  defined  as  the  normal  sugar  solution, 
a  solution  of  pure  sugar  in  water  which  should  have  at  17.5° 
the  specific  gravity  of  i.ioo,  referred  to  water  at  17.5°.  To 
determine  then  the  polarizing  sugar  of  any  substance,  it  would 
be  simply  necessary  to  prepare  a  solution  of  it  of  this  density 
by  aid  of  an  aerometer.  But  naturally  this  method  could  not 
give  exact  results,  because  the  salts  in  the  cane-sugars  to  be 
investigated  have  an  effect,  and  have  usually  a  density  differ- 
ent from  that  of  sugar  itself  ;  it  was,  therefore,  soon  abandoned. 
But  as  the  100  point  of  many  saccharimeters  had  already  been, 
fixed  by  aid  of  the  normal  sugar  solution  of  i.i  sp.  gr.,  and 

*  The  French  scale  as  described  in  this  way .  That  sugar  solution  has  the  normal 
weight  whose  rotation  in  a  20  cm   tube  is  equal  to  that  of  a  quartz  plate  i  mm  in 
thickness     The  normal  weight  thus  denned  has  suffered  many  changes  in  the  course- 
of  time,  as  it  has  varied  between  the  limits,  16  02  and  16  471  gram.    These  two  weights 
differ  by  about  2  8  per  cent 

-  Ventzke    Erdm  Jour  fur  prakt  Chem  ,  35,  84  (1842) ,  a8,  in  (1843) 
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as  it  was  not  desirable  to  change  the  scale  once  introduced,  the 
concentration  of  the  Ventzke  normal  solution  at  17.5°  was  then 
determined.  Investigations  showed  that  100  cc,  of  such 
a  solution  contains  26.048  grams  of  sugar  weighed  in  air 
with  brass  weights.  The  normal  weight  should  be  then 
26.048  grams.  If  then  this  weight  of  pure  sugar  is  dis- 
solved to  make  100  cc.  and  polarized  in  the  20  cm  tube,  the 
100  point  on  the  Ventzke  scale  is  again  found.  As  this  method 
was  in  use  long  before  the  Mohr  cubic  centimeter  was  sug- 
gested, the  number  26.048  must  certainly  have  been  applied  to 
true  cubic  centimeters.  After  the  introduction  of  the  Mohr 
graduated  flasks,  the  instrument  makers,  especially  Schmidt 
and  Haensch  in  Berlin,  began  to  employ  a  solution  of  26.048 
grams  of  sugar  in  100  Mohr  cubic  centimeters  in  fixing  the  100 
mark  of  instruments.  For  a  number  of  years,  then,  the  defi- 
nition of  the  normal  sugar  solution  has  been  this  :  That  sugar 
solution  has  the  normal  strength  which  contains  at  77.5°  in  100 
Mohr  cubic  centimeters,  26.04.8 grams  of  cane-sugar  weighed  in 
the  air  with  brass  weights. 

As  the  Mohr  cubic  centimeters  have  continually  given  rise 
to  error,  it  was  finally  determined  to  go  back  to  true  cubic 
centimeters.  This  last  definition  of  the  normal  sugar  solution 
will  then  be  changed  so  as  to  correspond  to  true  cubic  centi- 
meters. The  following  is  the  definition  of  the  Mohr  cubic  centi- 
meter. *  If  100  grams  of  water  are  weighed  in  the  air  with  brass 
weights  at  17  5°,  the  volume  is  100  Mohr  cubic  centimeters 
If  we  take  into  consideration,  the  weight  of  the  air  displaced 
in  weighing  and  the  specific  gravity  of  the  water  at  17  5°,  it 
follows  that  100  Mohr  cc.  =  100.234  true  cc.2  Therefore,  the 
definition  of  the  normal  sugar  solution  for  true  cubic  centi- 
meters is  this  A  sugar  solution  has  the  normal  concentration 
when  it  contains  25  987  2  grams  of  cane-sugar,  weighed  in  air 
with  brass  weights,  dissolved  in  water  to  make  100  cubic  centi- 
meters at  17  5°.  As  again  appears  from  the  lack  of  agree- 
ment in  the  specific  gravity  of  sugar,  and  the  substances  whose 
sugar  content  is  to  be  determined,  it  would  be  neces- 

i  Mohr    Chemisch-analytische  Titrirmethode,  44-50  (1886). 

*  The  Mohr  flasks  made  by  the  firm  of  Schmidt  and  Haensch  hold,  as  experi- 
ments of  the  author  show,  in  fact  within  ±o  03  per  cent  of  100  23  true  cubic  centi- 
meters. 
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sary  to  reduce  all  weights  to  vacuo  to  secure  a  perfectly 
accurate  result  As  the  specific  gravity  of  pure  sugar  is 
1.6,  the  25.987  grams  in  real  mass  is  26  003  grams. 
The  normal  sugar  solution  contains  then  26.003  true  grams  of 
sugar  dissolved  at  17.5°  to  make  100  true  cubic  centimeters. 
But  in  what  follows  we  shall  retain  the  air  weighings,  as  the 
error  made  by  neglecting  the  reduction  amounts  seldom  to  0.05 
per  cent. ,  which  has  no  importance  in  practice.  Finally,  it 
must  be  added  that  the  variations  in  the  normal  weight  from 
changes  in  the  density  of  the  air  amount  to  about  db  o  0007 
grams  for  26  grams  of  sugar,  and  are  likewise  unimportant  in 
practice. 

Retaining  then  the  long  established  definition  of  the  100- 
point,  the  preparation  of  the  Ventzke  sugar  scale,  and  the 
determination  of  sugar  in  a  substance  are  as  follows  .  A  normal 
sugar  solution  is  made  by  dissolving  26.04.8  grams  of  pure  cane- 
sugar ;  weighed  with  brass  weights  in  air,  in  a  100  cc.  Mohr 
flask  at  17.5°,  and  this  is  polarized  at  17.5°  in  a  20  cm.  tube  in 
the  saccharimeter,  care  being  taken  to  keep  the  wedge-compensa- 
tion also  at  17.5°  ',  this  establishes  the  zoo  mark  (700°  V)  of  the 
saccharimeter  Then  by  weighing  and  dissolving  26  04.8  grams 
of  an  impure  sugar  under  the  same  conditions,  and  polarizing 
in  the  same  tube,  the  compensation  shll  at  17.5° ,  the  Ventske 
scale  gives  directly  the  amount  of  pure  sugar  in  per  cent. 

Now,  in  regard  to  the  accuracy  with  which  the  sacchanm- 
eters  in  the  hands  of  sugar  chemists  agree  with  this  definition 
of  the  true  100  mark,  nothing  definite  can  be  said  1  Certainty 
with  reference  to  the  accuracy  of  the  100  point  on  the  Ventzke 
scale  will  be  established  by  the  investigations  of  the  Reichsan- 
stalt. 

127.  The  100  Point  of  the  Saccharimeter. — Suppose  the  100  point 
of  a  saccharimeter  accurately  determined  by  means  of  a  correct 
normal  sugar  solution,  and  then  a  normal  quartz-plate  made 
which  polarizes  exactly  100°  V  in  the  so-graduated  instrument. 
Then  by  aid  of  this  plate,  new  sacchanmeters  may  be  much 
more  accurately  graduated  than  with  freshly  prepared  sugar 

i  The  work  of  Nasmi  and  Villavecchia  (Sulpeso  normale  pel  saccanmetn,  PubbU 
<L.  I,ab  chim  cen.tr  d  Gab  1891.  Oesterr.-TJngar  Zeitschrift  f  Zuckermdustne,  I 
Heft,  1892}  adds  nothing  to  the  discussion 
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solutions,  In  the  first  place  such  a  solution  would  always 
vary  more  or  less  from  the  correct  normal  solution;  and, 
secondly,  it  would  be  only  with  the  greatest  difficulty  that  the 
normal  temperature  required  by  the  definition  could  be  main- 
tained, especially  in  the  quartz  compensation.  But  the  normal 
quartz -plate  remains  always  applicable  and  correct,  audits  rota- 
tion in  the  sacchanmeter  is  independent  of  the  temperature,  as 
long  as  care  is  taken  to  have  the  plate  and  compensation  wedge 
at  the  same  temperature,  because  the  temperature  coefficient  of 
positive  and  negative  quartz-plates  is  the  same.  For  a  long 
time,  therefore,  all  saccharimeters  have  been  graduated  with 
such  normal  quartz-plates,  which  goes  to  explain  the  remark- 
able agreement  m  the  100  points  of  the  instruments  purchased 
from  dealers. 

The  100  points  on  the  saccharimeters  made  by  Schmidt  and 
Haensch  in  Berlin,  which  are  now  used  in  all  parts  of  the 
world,  seldom  differ  by  more  than  o  05  to  o.  i°  V,  and  the  dif- 
ferences are  usually  smaller.  It  was,  therefore,  very  com- 
mendable that  the  firm  of  Josef- Jan  Fric  m  Prague,  which 
also  began  the  construction  of  saccharimeters,  should  bring 
their  instruments  into  exact  agreement  with  those  of  Schmidt 
and  Haensch  How  then  may  the  100  point  on  these  saccharim- 
eters be  defined  ?  This  can  be  most  simply  done  through  the 
rotation  of  the  normal  quartz-plate  for  some  definite  light,  as  the 
sodium  ray  Experiments  by  Schonrock1  with  four  quartz- 
plates  of  about  100  3°,  93.5°,  91  7°  and  75  4°  V  in  a  Schmidt 
and  Haensch  half-shadow  saccharnneter,  and  experiments  by 
Josef- Jan  Fric2  with  a  normal  quartz-plate  and  a  plate  of  about 
99  7°  V,  in  a  large  number  of  saccharimeters,  have  shown  in 
complete  agreement  that  the  normal  quartz-plate  at  17.5°  rotates 
the  sodium  ray  34.68°  ±  o  02°. '  It  should  be  remarked  that 
the  quartz-plates  and  compensations  were  kept  at  the  same 
temperature  in  the  saccharimeters  during  the  experiments,  and 
that  the  result  is  independent  of  the  composition  of  the  white 
light  used,  as  the  differences  for  different  lamps  remained 
below  0.03°  V.  Therefore,  we  can  take  for  quartz-plates  : 

100°  Veutzke  =  34.68  circular  degrees  for  D  at  17.5°  C.* 

1  Sch&nrock :  Ztschr  fur  lustrum.,  16,  242  (1896) 

2  Personal  communication  to  the  author 

8  The  optical  center  of  gravity  of  sodium  light  •=  589.3  pp 
*  Or,  100°  V  =  34  69°  arc  for  D  at  20°. 
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The  number  34.68  is  called  the.  factor  of  reduction.  If  a 
quartz-plate  is  polarized  in  a  saccharimeter  with  its  tempera- 
ture kept  equal  to  that  of  the  wedge-compensation,  and  if  it 
shows  a°  V,  then  the  quartz-plate  will  have  a  rotating  power 
for  sodium  light  equal  to  0.3468  a  dr  0.0002  a  circular  degrees 
at  17.5°.  More  about  the  reduction  factors  for  substances 
other  than  quartz,  will  be  found  in  §129  and  §153.  If  the 
rotation  of  a  quartz-plate  i  mm.  thick,  at  175°,  for  sodium 
light  is  2 r. 7 1 4° ,  the  thickness  of  the  normal  quartz-plate  must 
be  about  1.597  mm 

The  following  may  be  said  about  the  dimensions  commonly 
chosen  in  the  quartz  wedge-compensations  used  in  sacchanm- 
eters.  The  wedge  angle  of  the  quartz  is  usually  taken  at  3°, 
so  that  the  distance  between  the  o  and  100  points  on  the  scale 
is  about  30.5  mm.  The  whole  interval  is  divided  into  100 
equal  parts,  and  by  a  vernier,  one-tenth  Ventzke  may  be  read 
off  In  the  simple  wedge-compensation,  the  two  wedges  are 
usually  positive,  and  the  compensation  plate  negative  and 
about  4.3  mm.  in  thickness.  If  the  large  wedge  is  then  moved 
toward  the  100  point,  the  thickness  of  the  two  wedges  de- 
creases 

128.  Testing  the  Saccharimeter  Scale. — As  the  agreement  of  dif- 
ferent saccharimeters  at  the  100  point  leaves  little  to  be  desired, 
it  may  be  asked  now  how  the  scale  of  a  single  instrument  may 
be  tested  between  the  zero-point  and  100  point  The  error  in 
graduation  in  the  scale  and  vernier  should  remain  everywhere 
below  0.05°  V.  The  ivory  scales  formerly  commonly  used 
have  been  abandoned,  and  properly,  because  their  length  is 
influenced  by  the  moisture  in  the  air ,  the  changes  amount  to 
0.3°  V  and  more.  The  mckehn  scales  now  commonly  used  are 
free  from  this  error,  and  are  also  independent  of  changes  in 
temperature  as  the  change  in  length  between  o  and  100,  with 
a  temperature  fluctuation  of  10°,  is  only  about  o  01°  V 

Furthermore,  the  wedge  should  give  correct  results  at  all 
parts  of  the  scale;  that  is,  it  should  be  so  made  that  when  it  is 
moved  through  the  «th  part  of  the  whole  distance  ( 100°  V) ,  the 
change  of  rotation  produced  m  the  compensation  should  be  the 
wth  part  of  the  rotation  of  the  normal  plate  corresponding  to 
the  100  point  on  the  scale  This  would  be  the  case  exactly  if 
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the  large  wedge  were  perfectly  plane  on  both  sides,  optically 
homogeneous,  and  its  motion  without  error.  Errors  in  the 
construction  and  character  of  the  small  wedges  and  the  com- 
pensation plate  are  of  less  importance  as  they  are  fixed  in  posi- 
tion, and  because  the  wedge-compensation  is  close  to  the 
analyzer,  while  the  polarizer  is  focused  with  the  telescope  j 
the  rays  from  the  whole  field  of  view  pass  through  the  two 
small  wedges  and  the  plate  and  uniformly  over  their  whole  ex- 
tent. As  regards  the  large  wedge,  it  is  possible  with  sufficient 
care  to  make  its  surfaces  so. plane  that  the- error  occasioned 
here  in  the  saccharimeters  is  inappreciable.  As  o  i  °  V  cor- 
responds about  to  o.oo 1 6  mm  in  thickness  of  the  wedge,  the 
notion  has  become  common  that  the  surfaces  bounding  the 
wedge  cannot  vary  16/10  000  of  a  millimeter  from  absolute  planes, 
if  it  is  to  give  readings  correct  to  within  o.  i  °  V  ;  but  as  it  is 
impossible  to  make  the  whole  facing  surfaces  of  the  wedge,  30 
mm.  long,  as  perfectly  plane  as  this,  the  errors  often  amount- 
ing to  tenths  of  Ventzke  degrees  are  supposed  to  be  explained. 
But  all  of  this  is  based  on  error  ;  the  consideration  would  be 
true  only  when  a  single  ray  were  dealt  with  In  reality,  how- 
ever, we  work  with  a  whole  field  whose  length  is  about  a 
sixth  of  the  whole  wedge-length  If  it  is  considered  further 
that  the  wedge  is  placed  right  at  the  analyzer,  it  may  be  under- 
stood that  a  slightly  convex  or  concave  bounding  surface  on 
the  wedge  hurts  nothing  Errors  are  occasioned  only  when 
the  radius  of  curvature  has  not  a  constant  sign  ,  that  is,  when 
points  of  inflection  are  present,  but  such  surfaces  are  seldom 
met  with.  The  optician  can,  in  fact,  prepare  the  wedge  so  that 
no  errors  need  result  from  faults  of  construction  Then  how 
may  it  be  accounted  for  that  variations  amounting  to  several 
tenths  of  a  Ventzke  degree  are  almost  the  rule?  The  answer 
to  this  question  is  simple,  but  not  very  encouraging.  Nearly 
all  errors  which  are  found  are  due  to  the  optical  impurity  of 
the  quartz  wedges  *  It  must,  unfortunately,  be  admitted  that 
quartz  is  a  very  poor  material,  so  that  one  rarely  comes  into 
possession  of  optically  faultless  plates  of  i  to  2  square  centi- 
meters of  surface ;  it  must  even  be  considered  a  piece  of  good 
fortune  to  possess  a  pure  quartz-wedge  3  cm.  long  and  of  cor- 

i  See  "  Die  Thatigkeit  der  physlkaUsch-technischen  Reichsanstalt  "  under  Brod- 
huu  and  SchSnrock ;  Ztschr  fur  Instr.,  17,  (1897)'  * 
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responding  thickness.  If  now  we  examine  the  wedm*  com- 
pensations further  in  respect  of  their  optical  purilv,  it  mint 
seem  in  many  eases  impossible  that  with  such  nmtvtiai  such 
delicate  observations  could  be  made,  when  the  mean  eiro*  of 
an  adjustment  i.s  only  about  t-  0.03°  V  ;  yet  this  is  tin*  I*««MP 
with  the  half-  shadow  saeelmrimelers,  This  is  explained  by 
this  fact  that  the  wedge-compensation,  fortunately,  is  located 
at  the  analy/er,  so  that  its  image,  with  a  eonect  path  of  the 
rays,  according  to  §«.<>,  coincides  with  the  plane  ot  the  pupil 
of  the  eye  and  the  impurity  therefore  cannot  be  KroKni/ed, 
Now,  if  the  latge  wedge  be  moved  new  and  different  putts  atre 
then  passed  by  the  lays,  and  the  rotations  of  these  «i.iv  difiVi 
considerably  from  each  other.1  Hut  as  the  ureguhu  parts  of 
the  wedges  appear  only  gradually  iu  the  portion  of  the  tield 
occupied  by  the  rays,  the  ertorsin  a  saeeharimetci  do  not  show 
sudden  changes  from  point  to  point,  but  are  subject  to  Ki.itlu.il 
variations,  as  the  author  lias  had  oppoitunity  of  ohsemng. 
Therefore,  if  the  errors  are  determined  foi  say  5",  IM".  t*t* 
V  and  so  on,  and  if  these  are  plotted  on  coordinate  paper,  with 
the  Ventx.ke  degrees  as  abscissas  and  theenoisas  otdinalcs,  it 
will  be  possible  to  find  from  the  curve  passed  through  the  tops 
of  the  ordmates,  the  errors  for  any  intermediate  points-  The 
simplest  and  at  the  same  time  the  best  method  of  finding 
errors  is  through  the  examination  of  different  pails  of  tin-  scale 
with  good  quart/,  plates.  But  as  this  is  not  alwavs  pi  arm-able 
for  the  individual  owners  of  saccharimelers,  other  methods  »i 
error  determination  have  been  devised. 

Accurate  results  are  alone  furnished  by  the  control  observe 
tion  tubes  made  by  Schmidt  and  Ilaensch  and  described  in 
§163.  These  give  more  accurate  results  than  the  prepjmition 
of  a  large  number  of  solutions  of  proper  rotation  for  the  reason 
that  in  the  control  tubes,  relative  measurements  only  need  IK? 
made  as  soon  as  the  100  point  is  once  for  all  accurately  deter- 
mined. The  control  observation  tubes  are  constructed  on  the 


i  The  author  onrc  Imd  the*  <>i>]n>rLunlty  of  examining  two  ^Iniif  jmiwUfJ  t|U»n» 
platen  about  s  mm.  thick  and  well  made,  wlili-h,  when  jniliu  (ml  in  ft  ImUfcltMttow 
apparatus  with  mullum  Hglit  nntl  tariff  half  flhadaw,  tlittt  in,  with  rnthrr  ItriRhi  fl#ld, 
gave  pretty  conutaut  remtltH,  Imt  when  the  pltttcH  wftf  turucil  in  their  j»l*nf»f  the 
angtca  of  loltitlou  nfiHunicd  nil  vulucB  hctwet>n  <tu  tind  ^i1'1,  AltUoiiKh  n"«rt*"W«lg«*  of 
correspoiidliiR  hud  <innlity  could  hanlly  be  found,  It  CHunot  be  dctilfd  that  the  #rror 
of  ftHaccharljneter  inuat  be  largely  nucribecl  to  the  optical  impurity  of  the  wedgtn, 
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principle  of  making  the  length  of  the  rotating  liquid  'column 
variable  and  the  variation  measurable.  As  the  deflection  of 
the  plane  of  polarization  is  proportional  to  the  length  of  the 
liquid  layer,  the  rotation  decreases  in  the  same  degree  as  the 
length  of  the  column.  The  examination  with  the  control  tube 
is  then  made  in  the  following  manner  :  To  avoid  unnecessary 
corrections,  the  zero  of  the  vernier  is  brought  into  exact  agree- 
ment with  the  zero  of  the  scale,  using  the  vernier  correction 
in  aid  of  this  Then  the  100  point  must  be  at  exactly  the 
right  distance  from  the  two  zero  points,  which,  according  to 
§127,  is  nearly  always  the  case.  Then  the  control  tube  is 
filled  with  a  sugar  solution  whose  rotation  is  somewhat  greater 
than  1 00°  Ventzke,  when  the  tube  is  pulled  out  to  its  full 
length  The  tube  is  then  shortened  until  the  rotation  gives 
exactly  a  =  100°  V,  when  the  length  /is  measured  accurately 
If  the  conditions  of  experiment,  and  most  important,  the  tem- 
peratures of  the  wedge-compensation  and  the  sugar  solution, 
are  kept  constant  and  the  length  of  the  tube  then  shortened  to 
/',  the  rotation  corresponding  to  this  length  is  b  —  al'll.  If 
instead  of  reading  off  b,  the  value  read  is  exactly  bf  V,  then 
the  error  in  the  immediate  neighborhood  of  the  point  bl  is 
given  by/  =  #  —  bl=-  (a  I'll}  —  #, ,  this  error,/,  is  to  be  added 
algebraically  to  the  observed  value  bv  m  order  to  obtain  the 
true  value  of  bl  in  Veutzke  degrees  In  this  way,  the  errors 
of  any  desired  number  of  points  on  a  considerable  portion  of 
the  scale  may  be  found,  and  the  length  of  this  is  limited  simply 
by  the  extent  to  which  the  tube  may  be  shortened  With 
a  properly  constructed  control  tube,  using  a  single  solution,  it 
is  possible  to  determine  the  errors  from  100°  V  down  to  55°  V. 
Then  the  tube  is  filled  with  a  new  solution  whose  rotation,  at 
full  length,  is  something  over  55°  V,  and  the  point  55°  is 
taken  as  the  new  starting  point,  because  its  error  has  been 
already  determined,  and  then  observations  are  made  as  before 
until  the  error  at  the  5°  mark  is  reached.  The  following  table 
shows  how,  with  five  different  properly  chosen  solutions,  the 
errors  on  the  whole  scale  may  be  found  i1 

i  Absolutely  pure  sugar  is  not  necessary  for  the  purpose 
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The  tube  length  variable  between  42  cm  and  22  cm 


Cane  sugar  solution 

1 

Starting  point 

Concentration,  or  number  of 

»v 

points 

No. 

grams  of  sugar  in  100  cc 
of  solution 

I 

J253 

100 

95,  90,  85...  60,  55 

2 

6.89 

55 

50,  45,  40,  35,  30 

3 

3.76 

3° 

25,  20,  16 

4 

2.0O 

16 

15,  io,  9 

5 

I.I3 

9 

5 

Of  course,  the  accuracy  of  the  tube  scale  itself  must  have 
been  previously  determined.  By  plotting  the  errors  of  the 
saccharimeter  scale  on  coordinate  paper  the  error  curve  is 
found.  As  may  be  readily  seen,  this  method  of  finding  errors, 
in  case  it  is  expected  to  give  really  accurate  results,  requires 
quick  and  very  close  work.  It  is,  therefore,  recommended  to 
make  on  different  days  two  complete  series  of  determinations 
to  secure  a  picture  of  the  accuracy  obtainable  If  this  is  sat- 
isfactory the  mean  curve  is  taken  as  the  final  one.  Although  the 
testing  of  a  saccharimeter  scale  requires  some  pains,  one  should  not 
hesitate  to  do  the  work,  because  the  errors  remain  constant  and 
are  absolutely  independent  of  time  so  long  as  no  injury  has  hap- 
pened to  the  optical  mechanism  of  the  instrument.  An  error 
curve  once  accurately  established  holds  good  always. 

We  turn  now  to  a  consideration  of  the  double  wedge-com- 
pensation of  Schmidt  and  Haensch  (§123)  on  the  value  of 
which  different  views  have  been  held.  The  zero  point  is 
usually  found  at  the  thinner  end  of  the  long  wedge,  so  thai 
the  working  wedge  is  negative  and  the  control  wedge  positive 
To  avoid  unnecessary  zero  point  corrections  the  control  wedge 
is  placed  exactly  at  o  and  optical  equilibrium  is  secured  03 
moving  the  working  wedge  ,  if  the  zero  point  of  the  working 
scale  does  not  coincide  exactly  with  that  of  the  vernier  the  dif 
ference  is  corrected  as  before  by  means'of  the  micromete 
screw  below  the  vernier  corresponding  to  the  scale.  Then  th 
working  wedge  is  placed  at  100  and  a  test  is  made  as  accurate!' 
as  possible  of  the  correctness  of  the  100  mark.  If  now  optica 
equilibrium  is  again  established  by  aid  of  the  control  wedge 
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this  should  stand  exactly  at  100,  If  this  is  not  the  case  the 
scale  has  been  carelessly  made,  and  the  apparatus  should  be 
simply  sent  back  to  the  manufacturer.  Naturally  the  two 
scale  lengths  are  usually  not  the  same,  which  is  not  necessary. 
If  the  two  wedges  are  accurately  made  it  must  follow  that 
when  one  of  them  is  put  on  any  point  of  its  scale  optical 
equilibrium  must  obtain  when  the  other  is  placed  at  the  same 
point  on  its  scale.  If  in  this  way  the  two  wedges  are  tested 
from  5°  to  5°  and  if  the  differences  in  readings  actually 
remain  below  0.03°  V.,  it  may  be  said  with  great  prob- 
ability that  the  wedge-compensation  does  not  possess  any  ap- 
preciable error,  because  it  would  be  by  extraordinary  chance 
that  any  errors  due  to  optical  impurities  in  certain  places  in 
one  wedge  would  be  exactly  compensated  by  corresponding 
errors  in  the  other.  In  addition  to  all  this,  in  order  to  be  cer- 
tain, it  is  well  to  test  at  least  a  few  points  by  aid  of  the  control 
tube.  As  a  rule,  however,  it  will  be  found  in  testing  the  two 
wedges  as  above  that  the  differences  in  the  readings  in  certain 
parts  of  the  scale  amount  to  some  tenths  of  a  Ventzke  degree, 
so  that  an  accurate  determination  of  errors  is  here  also  re- 
quired For  this  purpose  the  reading  differences  /rom  5°  to 
5°  V.  must  be  accurately  found  in  this  way.  The  control 
wedge  is  placed  at  95°  exactly,  and  five  adjustments  at  optical 
equilibrium  are  made  with  the  working  wedge,  from  which  the 
mean  is  taken  and  subtracted  from  95,  to  give  the  reading  dif- 
ference In  this  way  results  are  obtained  down  to  the  5° 
mark  Then  the  whole  series  of  observations  is  repeated  by 
placing  the  working  wedge  exactly  at  95°  and  so  on,  and  se- 
curing optical  equilibrium  by  aid  of  the  control  wedge  The 
two  series  of  observations  should  give,  the  same  differences  with 
opposite  signs,  within  the  limits  of  errors  of  experiment,  which 
is  to  be  remembered,  in  general,  in  all  error  corrections  From 
each  two  corresponding  differences  the  mean  of  the  absolute 
values  is  taken  which  is  to  be  used  m  the  further  calculations, 
with  proper  sign  attached.  The  control  wedge  is  next  placed 
exactly  at  o  and  the  complete  determination  of  errors  in  the 
working  wedge  is  made  by  use  of  the  control  observation  tube 
as  fully  explained  above.  From  the  curve  of  errors  for  the 
working  wedge  and  the  table  of  adjustment  differences  for  the 
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two  wedges  the  error  curve  of  the  control  wedge  may  be  found 
in  a  way  easily  recognized.  The  latter  may  be  found  also 
directly  by  aid  of  the  control  tube  and  positive  sugar  solutions, 
by  placing  the  working  wedge  at  exactly  100  and  finding  the 
errors  in  the  control  wedge  from  5  to  95.  This  furnishes,  at 
the  same  time,  the  best  control  of  the  accuracy  of  all  the  ob- 
servations  made.  If  now  the  rotation  of  a  solution  is  found 
with  one  wedge  and  controlled,  after  taking  out  the  solution, 
with  the  other  wedge,  then  after  adding  the  corrections  from 
the  error  curves  the  two  wedges  should  give  exactly  the  same 
result  It  follows,  therefore,  that  correct  observations  may  be 
made  with  the  double  wedge  combination  and  an  actual  complete 
control  secured  only  when  the  error  curves  of  the  two  wedges  are 
known  It  appears,  therefore,  that  as  accurate  work  may  be  done 
with  the  single  as  with  the  double  wedge-compensation. 

129.  Observation  of  Solutions  in  the  Saccharimeter — In  the  fol- 
lowing considerations  we  shall  keep  the  half -shadow  saccharim- 
eters  in  mind  as  they  have  completely  displaced  the  color  in- 
struments. As  the  rotation  dispersion  of  sugar  does  not  agree 
absolutely  with  that  of  quartz,  a  slight  but  unimportant  dif- 
ference in^the  colors  of  the  field  of  view  is  found  in  testing 
high  polarizing  sugar  solutions.  Although  this  does  not  inter- 
fere with  the  accuracy  of  the  reading  for  a  practiced  observer, 
the  adjustments  of  different  observers  with  different  degrees  of 
color  sensitiveness,  may  vary  considerably  from  each  other 
To  eliminate  the  colors  either  a  plate  of  potassium  dichromate 
or  a  cell  with  solution  of  potassium  dichromate  is  placed  be- 
tween the  light  and  illuminating  lens  ,  a  dichromate  plate  in 
the  ocular  is  not  used  As  regards  the  changes  in  the  rotation 
of  sugar  solutions  for  white  light  of  different  kinds  of  lamps 
it  is  found  that  appreciable  differences  occur  only  when  ob- 
servations are  made  at  one  time  with,  and  at  other  times  with- 
out, dichromate  plates.1  Still  this  point  requires  fuller  syste- 
matic investigation.  With  reference  to  testing  the  saccha. 
rimeter  scale  by  aid  of  the  control  tube  it  must  be  further  re- 
marked that  the  illumination  must  not  vary  during  determina- 
tion of  the  curve  of  errors.  The  curve  finally  found  is,  how- 
ever, independent  of  the  illumination,  as  the  error  in  the  loc 

*  Ztschr  fur  lustrum ,  16,  243  (1896) 
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point  is  placed  equal  to  zero.  If  a  change  is  made  from  one 
light  to  another,  and  a  change  in  the  100  point  follows,  that 
is,  if  the  rotation  of  a  normal  sugar  solution  varies  by  a°  V., 
then  in  a  corresponding  manner  the  point  6  of  the  scale  would 
change  by  o  01  a  b°  V. 

As  complaints  about  continuous  changes  in  the  zero  points 
of  instruments  are  still  heard  in  practice,  reference  must  be 
again  made  to  §96  These  changes  may  be  very  easily  avoided. 
The  focal  length  of  the  illuminating  lens  must  be  chosen  so  as 
to  be  equal  to  half  the  distance  between  this  lens  and  the  ana- 
lyzer diaphragm,  and  the  source  of  light  is  placed  as  far  away 
from  the  illumination  lens  as  the  latter  is  distant  from  the 
analyzer  diaphragm,  or  better  so  that  after  putting  the  absorp- 
tion cell  in  position  a  sharp  image  of  the  source  of  light  will 
be  thrown  by  the  illuminating  lens  on  the  analyzer  diaphragm. 
If  this  is  the  case  observations  may  be  made  day  after  day 
without  disclosing  the  slightest  change  in  the  position  of  the 
zero  point,  since  in  the  sacchanmeters  the  polarizer  and  analy- 
zer are  fixed  in  definite  positions,  or  at  least  should  be  ;  a  lat- 
eral displacement  of  the  source  of  light  cannot  be  followed  by 
a  zero  point  change. 

If  the  Ventzke  reading  m  the  investigation  of  a  sugar  solu- 
tion is  to  be  converted  into  circular  degrees  referred  to  sodium 
light,  this  may  be  done  as  explained  m  §127  by  aid  of  the  re- 
duction factor  o  3468,  although  this  properly  applies  to  quartz 
plates  only  An  absolutely  accurate  conversion  is  not  always 
possible,  because  of  the  effects  of  temperature  and  the  varia- 
tions in  the  rotation  with  the  illumination  and  color  sense  of 
the  observer  Landolt1  has  actually  found  in  the  observation 
of  a  cane-sugar  solution  in  a  Schmidt  and  Haensch  half-shadow 
saccharimeter,  with  a  gas  lamp,  that  a  rotation  of  100°  V  cor- 
responds to  the  rotation  of  34.65°  ±  o  05°  for  sodium  light. 
But  if  it  is  required  to  accurately  measure  the  rotation  of  a 
sugar  solution  for  sodium  light  this  must  be  done  m  a  polar- 
imeter  actually  illuminated  by  sodium  light. 

130.  Effect  of  Temperature  on  the  Saccharimeter  Reading — In  or- 
der to  give  an  idea  of  the  error  which  results  through  temper- 
ature changes  in  the  determination  of  cane-sugar  the  errors 
from  several  sources  will  be  discussed  on  the  basis  of  a  tem- 

i  I^andolt:  Ber,  d  chem  Ges  ai,  194  (1888) 
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perature  variation  of  10°  In  the  saccharimeter  itself  the 
wedge-compensation  only  is  variable  with  the  temperature  ; 
the  zero  point  is  constant,  but  all  other  points  change  in  value 
As  we  can  take  the  temperature  coefficient  of  quartz  (and 
sugar  also)  as  constant  through  the  interval  considered,  for 
all  wave-lengths,  that  is,  the  rotation  dispersion  as  independ- 
ent of  the  temperature,  a  simple  calculation  shows  that  a  tem- 
perature variation  of  10°  changes  the  100  point  (100°  V.) 
about  4-0.15°  V  From  this  it  will  be  recognized  that  the 
temperature  of  the  compensation  must  be  pretty  accurately 
known  if  one  expects  to  polarize  within  a  few  hundredths 
Ventzke  l 

Now  let  us  consider  the  polarization  of  a  cane-sugar  solution 
in  the  saccharimeter,  and  in  order  to  have  a  definite  case  in 
mind  assume  that  we  have  a  normal  sugar  solution  in  a  20  cm . 
tube,  which  must  therefore  polarize  about  100°  V.  If  the  tube 
is  of  glass  its  length  will  increase  with  the  temperature,  and, 
therefore,  the  rotation  of  the  sugar  solution  also.  A  tempera- 
ture elevation  of  10°  corresponds  to  a  change  of  -fo  01°  V  , 
therefore,  the  change  from  this  cause  is  inappreciable  in  ob- 
servations. But  at  the  same  time  the  concentration  of  the  so- 
lution decreases  with  the  increase  in  temperature,  and  the  ro- 
tation must  therefore  decrease.  As  the  coefficient  of  expan- 
sion of  a  normal  sugar  solution  at  about  20°  is  0.000291,  the 
increase  of  temperature  through  10°  produces  a  change  in  ro- 
tation of  —  0.29°  V.  Besides  this  the  specific  rotation  of  cane- 
sugar  decreases  with  increase  in  temperature,  so  that  the  angle 
of  rotation  still  further  decreases  ;  the  older  observations  of 
Tuchschmid,  Seyffart,  and  Andrews,  which  gave  the  specific 
rotation  of  cane-sugar  as  constant  at  different  temperatures, 
are  not  correct,  since  the  decrease  in  rotation  with  increase  in 
temperature  is  even  quite  appreciable  *  On  account  of  this 

1  As  regards  the  temperature  of  the  wedge-compensation  we  are  very  much  in  the 
dark  with  the  present  constructions,  as  the  temperature  of  the  rather  thick  wedge 
and  compensation  plates  follows  variations  in  the  room  temperature  very  slowly  It 
may,  therefore,  be  recommended  to  place  the  compensation  box  m  a  confined  space 
enclosed  by  non-conducting  materials  and  have  a  thermometer,  graduated  in  whole 
degrees,  extend  into  the  box  It  is  also  well  to  have  the  light  passing  into  the  apparatus 
and  that  reaching  the  reading  mirror  also  pass  through  a  cell  filled  with  water  tc 
absorb  the  heat  rays  and  yield  a  cold  light 

1  See  "  Die  Thatigkeit  der  physikahsch-technischen  Reichsanstalt "  under  Schon 
rock,  Ztschr  fur  Instrum ,  17,  (1897).  [But,  contrary  to  the  statement  m  the  text,  this 
was  previously  accurately  pointed  out  by  Andrews,  Technology  Quarterly,  May,  1889 
p  367  See  also  later,  under 'Constants  of  Rotation  Tr  J 
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change  in  specific  rotation  the  rotation  of  the  normal  sugar 
solution  is  decreased  about  — o  21°  V.  more  by  the  10°  in- 
crease in  temperature  The  whole  change  then  is  about  — o.  50° 
V.  From  this  it  is  seen  how  necessary  it  is  to  control  the  tem- 
perature in  exact  work.  It  must  be  further  noticed  that  the 
errors  due  to  the  wedge-compensation  and  the  sugar  solution 
are  to  be  added  to  each  other,  as  indeed  the  rotation  of  quartz 
increases  while  that  of  sugar  decreases  with  increasing  tem- 
perature, so  that  the  whole  error  of  the  polarization  of  the 
normal  sugar  solution  will  be  o  65°  V.  If  now  it  is  expected 
to  determine  the  100  point  of  a  saccharimeter  to  within  ±0.03°  V. 
by  aid  of  a  normal  sugar  solution,  then,  aside  from  all  other 
sources  of  error,  and  especially  those  in  the  preparation  of  the  so- 
lution (temperature  again  /),  the  temperature  of  the  compensa- 
tion and  of  the  solution  in  the  tube  should  not  differ  from  that  in 
the  definition  of  the  TOO  point  by  more  than  05°  C  Now,  at 
least,  one  should  be  able  to  recognize  how  difficult  the  gradua- 
tion of  a  saccharimeter  by  aid  of  a  normal  sugar  solution  really 
is.  As  further,  the  mean  adjustment  error  of  the  present  half- 
shadow  instruments  is  only  about  ±o  03°  V  ,  and  as  these 
sacchanmeters  are  used  only  m  technical  work  there  would  be 
no  sen.se  in  increasing  their  delicacy  still  further,  since,  at  the 
present  time,  polarizations  are  made  with  a  degree  of  accuracy 
which  irt  wholly  illusory. 

/     The  Soleil-  Vcntzke  Sacchanmeter. 

131.  Description  of  the  Instrument. — In  the  description  of  the 
different  sacchanmeters  to  follow,  we  .shall  be  very  brief,  since 
it  is  only  necessary  to  add  a  wedge-compensation  to  any  one 
of  the  polanmeters  described  above  to  have  the  corresponding 
saccharimeter.  As  explained,  the  first  saccharimeter  was 
made  by  the  Paris  optician,  Soleil,  and  was  later  improved  by 
Soleil  and  Duboscq.  This  is  the  so-called  color  saccharimeter, 
and  is  shown  in  Fig  53  It  may  be  made  by  setting  the  Robi- 
quet  polanscope,  described  in  §100,  at  the  position  of  optical 
equilibrium  and  then  inserting  a  simple  wedge-compensation 
between  polarizer  and  analyzer.  The  light,  therefore,  passes 
the  following  parts  in  going  through  the  apparatus  from  right 
to  left ;  first,  the  regulator  of  the  sensitive  tint  not  described 
25 
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above  under  the  head  of  the  Robiquet  apparatus,  and  which 
must  be  referred  to  here,  consisting  of  a  nicol,  A,  which  may 
be  rotated,  and  a  right  or  left  quartz-plate,  B,  which  is  ground 
perpendicular  to  the  axis,  the  illuminating  lens  C,  the  polari- 
zer D,  the  Soleil  double  plate  B,  the  wedge-compensation  F, 
the  analyzer  O,  and  the  telescope  H.  As  in  the  Robiquet 
apparatus,  adjustment  is  made  on  the  transition  tint  by  move- 
ment of  the  long  wedge ;  that  is,  uniform  color  of  the  two 
fields  is  secured  In  §102,  the  drawback  of  the  Robiquet 
instrument,  that  after  inserting  the  rotating  substance  the 
transition  tint  no  longer  has  the  same  color  observed  in  finding 
the  zero  point,  is  referred  to  This  fault  appears  in  much  less 
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degree  in  the  sacchanmeter  because  the  rotation  dispersion  of 
the  active  substance  is  largely  compensated  by  the  quartz 
wedges  But,  in  order  to  keep  the  shade  of  the  transition  tint 
as  nearly  the  same  as  possible  after  putting  in  the  active  sub- 
stance, even  if  somewhat  colored,  and  m  order  to  give  the 
observer  the  power  of  choosing  the  shade  for  the  transition 
tint,  for  which  the  eye  is  the  most  sensitive,  the  so-called  regu- 
lator has  been  added  to  the  sacchanmeter  The  light  polari- 
zed by  the  nicol  A  passes  into  the  quartz-plate  B  and  suffers 
rotation  dispersion,  and  on  account  of  this,  and  the  relation 
of  the  position  of  A  to  B,  certain  rays  will  not  pass  through 
the  latter,  or  will  pass  with  diminished  intensity.  By  rota 
ting  the  nicol  A,  the  tone  of  the  transition  tint  may,  there 
fore,  be  changed  at  will 
The  rotation  of  the  tube  which  contains  the  regulator  A  I 
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is  accomplished  by  aid  of  a  spur-wheel  and  pinion,  the  latter 
being  worked  by  a  rod  attached  to  the  button  J  The  brass 
frame  holding  the  large  wedge  may  be  moved  horizontally,  and 
for  this  purpose  is  furnished  with  a  lateral  rack  in  which 
works  a  pinion  wheel  controlled  by  the  button  "K..  An  inclined 
mirror,  Iy,  serves  in  reading  the  Ventzke  scale,  the  image  of  the 
scale  being  thrown  into  the  tube  M  which  contains  a  magni- 
fying lens.  In  the  illustration,  a  screw  is  shown  at  N  by  aid 
of  which  the  analyzer  may  be  turned  and  brought  into  the 
proper  position  with  reference  to  the  polarizer  ;  this  movement 
must  be  made,  however,  only  by  the  instrument-maker  m 
adjusting  the  apparatus,  so  that  the  observer  has  nothing  to 
do  with  the  screw  N  As  regards  the  use  of  the  instrument, 
reference  is  made  to  §97  and  §102  The  mean  error  of  a 
reading  is  about  ±  0.2°  V. 

As  the  adjustment  to  equality  1  of  tint  in  the  field  of  view  is 
not  possible  with  color  blindness,  inaccurate  with  deficient 
color  sense,  and  for  most  eyes  much  more  tiresome  than  the 
adjustment  to  uniformity  of  illumination,  the  much  more  sen- 
sitive half-shadow  instruments  have  properly  displaced  the 
color  instruments  completely  It  is  quite  m  vain  to  attempt  to 
make  the  color  instruments  more  sensitive  by  giving  a  con- 
centric form  to  the  Soleil  double  plate  ,  the  part  of  these  in 
saccharimetry  has  been  played  and  for  good 

2.  Half-Shadow  Sacchanmeters 

132.  Construction  of  the  Instruments. — The  half-shadow  polar- 
iscopes  contain,  always,  an  illuminating  lens,  a  polarizing 
mechanism,  the  analyzer,  and  a  telescope.  In  the  construction 
of  saccharimeters,  the  following  polarizing  arrangements  are 
usually  employed.  The  firm  of  Schmidt  and  Haensch  uses, 
m  general,  the  Jellett  polarizer  (§109)  for  the  saccharimeters 
with  double  field,  the  double  field  Lippich  polarizer  (§114) 
could,  of  course,  be  applied  as  well  In  the  saccharimeters 
with  triple  field,  the  triple  I/ippich  polarizer  is  employed 
(§115).  If,  now,  either  kind  of  polarization  apparatus  is 
adjusted  to  uniform  shadow  on  the  fields  of  view,  and  a  simple 
or  double  wedge-compensation  is  introduced  between  the 
analyzer  and  the  analyzer  diaphragm,  the  corresponding  half- 
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shadow  saccharimeter  is  produced.  The  light  passes  then 
through  the  following  optical  parts  :  the  illuminating  lens, 
polarizing  mechanism,  wedge-compensation,  analyzer,  and  tel- 
escope Polarizer  and  analyzer  must  have  a  fixed  position  and 
be  properly  protected  against  any  accidental  displacement,  as 
is  the  case,  for  example,  in  all  the  instruments  made  by  Schmidt 
and  Haensch  It  must  be  considered  an  error  of  construction 
to  give  a  saccharimeter  a  variable  half -shadow.  The  zero- 
point  of  the  instrument  vanes  naturally  with  the  half -shadow. 
This  should  be  made  5°  to  8°.  The  mean  error  of  an  adjust- 
ment for  a  saccharimeter  with  double  field  is  about  db  o  06°  V, 
and  for  the  sacchanmeters  with  triple  field,  about  o  03°  V. 

Below  a  very  condensed  description  of  the  commonly  used 
types  of  sacchanmeters  will  be  given,  with  especial  considera- 
tion of  the  mechanical  construction. 

133.  Half-Shadow  Saccharimeter  with  Single  Wedge-Compensation 
and  Double  Field  (Schmidt  and  Haensch). — This  apparatus  is  shown 
in  Fig  54  The  movable  quartz  wedge  is  mounted  in  a  frame 
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attached  to  a  lateral  rack  in  which  a  pinion  wheel  controlled 
by  the  button  A  works.  The  reading  of  the  scale  and  ver- 
nier is  accomplished  by  aid  of  the  inclined  mirror  in  B,  and 
lens  in  the  tube  C 

134.  Half-Shadow  Saccharimeter  with  Double  Wedge-Compensation 
and  Triple  Field  (Schmidt  and  Haensch) — in  this  instrument,  shown 
m  Fig  55,  the  black  set  screw  A  moves  the  working  wedge 
while  the  yellow  screw  B  moves  the  control  wedge,  and  in 
such  a  manner  that  by  aid  of  the  lens  C,  the  working  scale  is 
seen  above  and  the  control  scale  below.  As  regards  the  illu- 
mination of  the  scales  this  is  accomplished  by  means  of  the 
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mirror  D,  which  is  attached  to  the  ball  and  socket  mechanism 
at  B,  and  which  may  be  so  turned  as  to  receive  light  from  the 
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illuminating  lamp  and  throw  it  through  the  matted  upper  sur- 
face of  the  glass  plate  F  on  the  scales  The  small  screen  G 
serves  to  protect  the  scales  from  outside  lights 

135.  Beet- juice  Saccharimeter  with  Limited  Enlarged  Scale.1 — This 
instrument,  the  front  part  of  which  is  illustrated  in  Fig.  56, 
was  constructed  by  Schmidt  and  Haensch  from  a  suggestion 
of  Stammer.  It  is  distinguished  from  the  previously  described 
instruments  only  by  its  limited  scale  extending  from  o°  to  35° 
V.  A  reading  of  higher  degrees  is  not  necessary,  since  it  is 
used  only  for  the  determination  of  sugar  in  beets.  In  order 
to  carry  out  the  polarizations  m  such  cases,  where  in  a  short 
time  the  largest  possible  number  of  tests  must  be  made,  and 

i  Stammer ;  Ztschr  fiir  Rubenzucker-Ind  ,  37,  474  (1887).    Schmidt  and  Haensch 
JUd,,  43, 1040  (1893) 
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to  avoid  the  delay  of  reading  by  the  telescope,  the  instrument 
is  furnished  with  an  enlarged  scale  which  permits  an  easy 
reading  to  o.  i  of  i  per  cent,  with  the  unaided  eye,  and  even 
at  a  distance.  The  mechanism  consists  of  a  segment  of  a  cir- 
cle attached  in  upright  position  to  the  wedge-compensation, 
and  on  which  the  beet-juice  graduation  of  o°  to  35°  V  is 


marked.  In  the  center  of  the  segment  there  is  a  small  drum, 
7?,  which  is  kept  in  position  by  a  spring  ,  this  drum  is  attached 
to  the  movable  wedge  by  a  thin  steel  chain  in  such  a  manner 
that  when  the  wedge  is  moved  to  and  fro  by  the  button  1C, 
the  drum  R  is  brought  into  motion,  and  then  the  long  pointer 
joined  to  it  moves  over  the  graduation  of  the  segment  If  the 
diameter  of  the  drum  bears  a.  certain  relation  to  the  length  of 
the  movable  scale,  then  the  circular  segment  graduation  gives 
exactly  the  whole  and  tenths  of  per  cent,  of  the  scale 

To  secure  accurate  adjustment  the  apparatus  is  brought  to 
the  point  of  half-shadow  uniformity  ;  if  the  scale  then  does 
not  begin  at  o°  a  correction  is  made  by  a  key  to  be  attached 
to  V.  In  this  position  the  pointer  of  the  circular  graduation 
should  stand  at  o°  also  ;  any  necessary  correction  of  this  zero 
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point  may  be  made  by  a  slight  movement  of  the  small  screw 
fastening  the  chain  to  the  wedge,  which  is  accomplished  by  aid 
of  the  little  set  lever  S.  Any  movement  of  the  wedge  ex- 
pressed in  per  cent,  must  be  exactly  duplicated  on  the  circular 
graduation.  If  this  is  not  the  case  a  correction  is  made  by 
turning  the  nut  attached  to  R  a  little  on  or  off,  which  has  the 
effect  of  slightly  increasing  or  decreasing  the  diameter  of  JR,' 
and,  therefore,  of  making  the  deflection  of  the  pointer  less  or 
more,  to  correspond.  The  whole  adjustment  must  be  revised 
from  time  to  time. 

136.  The  Half-Shadow  Sacchanmeter  of  Peters.1 — This  instru- 
ment, shown  in  Fig  57,  is  distinguished  from  the  foregoing  in 
several  points  which  will  be  explained.  It  is  a  half -shadow 


57 


sacchanmeter  with  L,ippich  polarizer  and  double  wedge-com- 
pensation, and  is  supported  on  two  unusually  stable  feet,  which 
prevent  upsetting  the  instrument  In  the  brass  shell  A, 
there  is  a  wide  glass  tube  with  end  plates,  like  a  polarizing 
tube,  which  may  be  rilled  with  a  solution  of  potassium  dichro- 
mate.  The  pointer  at  B  is  used  to  turn  one  of  the  nicols  of 
the  Lippich  polarizer  ;  the  scale  is  placed  below  here  in  order 

i  Peters  (Berlin)  Ztschr.  ftir  RUbenzueker-Ind  ,  44,  221  (1894) 
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to  be  able  to  illuminate  the  Ventzke  scale  above  by  mirror  re- 
flection from  the  polarization  lamp.  The  pointer  at  B  is  usually 
left  in  a  fixed  position  and  can  be  moved  only  by  aid  of  a  special 
key.  But  this  possibility  of  regulating  the  half-shadow  is 
without  value  in  a  technical  instrument  and  may  give  rise  to 
serious  errors  ;  for  as  often  as  the  index  B  is  moved  the  ana- 
,  lyzer  must  also  be  turned  to  the  point  of  equal  illumination  of 
the  two  halves  of  the  field  ;  the  technical  saccharimeters  must 
have,  beyond  question,  a  fixed  half-shadow.  The  apparatus 
has  no  lid  at  C,  but  closing  is  effected,  after  laying  in  the  ob- 
servation tube,  by  rotating  a  movable,  half -open  shell  The 
final  adjustment  screws  are  extended  by  means  of  universal 
joints  so  as  to  reach  nearly  to  the  table  on  which  the  apparatus 
rests,  which  makes  it  possible  to  move  the  compensation  with- 
out lifting  the  arms.  The  screw  D,  which  works  the  right 
scale,  is  placed  somewhat  lower  than  E,  which  turns  the  left 
one,  so  as  to  avoid  possibility  of  confusion. 

137.  Half-Shadow  Saccharimeter  of  Josef-Jan  Fric.1 — This  instru- 
ment with  double  wedge-compensation,  the  front  part  of  which  is 
shown  in  Fig.  58,15  distinguished  from  the  ordinary  constructions 
m  this  that  each  one  of  the  two  scales  is  read  by  a  special  lens  and 


58. 


Fig  59 


1  Joseph-Jan  Fnc  (Prague)  Oesterr-Ungar  Ztschr  fur  Zuckenndustrie,  V 
Heft  (1895)  E  H  Sargent  &  Co ,  Chicago,  are  the  American  agents  for  these  new 
instruments 
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illuminated  separately  by  a  new  and  excellent  arrangement, 
the  details  of  which  are  shown  in  Fig  59  diagrammatically. 
The  light  coming  from  the  regular  illumination  lamp  is  re- 
flected by  the  movable  mirror  A  and  passes  through  the 
milk-glass  plate  B  upon  the  scale  C,  the  surface  of  which 
is  so  inclined  toward  the  mirror  D,  that  the  light  reach- 
ing the  latter  is  thrown  in  the  direction  of  the  optical  axis 
of  the  telescope  E.  Tbe  so  illuminated  metallic  scale  C  ap- 
pears on  account  of  the  diffuse  light  from  the  milk-glass 
plate,  as  distinct  as  the  old  ivory  scales  The  left  telescope 
with  black  mountings  reads  the  working  scale,  while  the  right 
one  with  red  mountings  reads  the  control  scale.  Besides  this, 
the  control  scale  is  seen  by  red  light,  since  the  milk-glass 
plate  m  this  case  is  replaced  by  a  plate  of  red  glass,  to  exclude 
possibility  of  mistake  in  reading. 

c.  Illuminating  Lamps. 

i.  Lamps  for  White  Light 

138.  Schmidt  and  Haensch  Gas 
Lamps.  —  Great  importance  need 
not  be  attached  to  perfect  uni- 
formity in  illumination  as  long 
as  a  correct  passage  of  the  rays 
through  the  apparatus  is  provi- 
ded for  according  to  §96  and 
§129.  Changes  in  the  intensity 
of  the  light  bring  about  no 
changes,  then,  in  the  zero  point, 
and  it  is  immaterial  whether  we 
use  a  flat  burner  or  a  round  one. 
A  very  convenient  form  of  lamp 
is  .shown  in  Fig.  60,  which  em- 
ploys gas,  and  is  furnished  with  a 
triple  flat  burner,  metallic  chim- 
ney and  a  reflector.  As  these 
gas  and  petroleum  lamps  are  usu- 
ally  still  furnished  with  a  " 
called  condensing  lens  which,  as  a 
matter  of  fact,  has  no  importance,  T 

i  The  lens  does  not  increase  the  intensity  of  the  illumination,  and  always  inter- 
feres with  the  correct  passage  of  the  rays 
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in  ordenng  a  lamp  one  should  be  careful  to  secure  a  form 
which  has  in  place  of  this  lens  a  clear  glass  plate. 

139.  The  Htnks  Petroleum  Lamp* — For  use  with  petroleum,  the 
Hinks  duplex  lamp  with  metallic 
chimney,  shown  in  Fig.  61,  has 
given  excellent  satisfaction.  Before 
lighting  the  lamp,  the  precaution 
must  be  taken  to  see  that  the  cap 
used  to  extinguish  the  flame  is 
shoved  back  into  its  proper  place,  by 
aid  of  the  lever  on  one  side  of  the 
burner,  so  as  to  leave  the  wick  per- 
fectly free  to  burn  evenly. 

140.  Lamps  with  the  Welsbach  Incan- 
descent Gas  Light — On  account  of 
their  intense  light  these  can  be 
strongly  recommended  for  the  illu- 
mination of  saccharimeters  For 
this  purpose  the  ordinary  lamp  with 
glass  chimney  is  furnished  with  a 
second  outer  chimney  of  porcelain  or 
asbestos,  which  at  the  proper  point 
is  provided  with  a  suitably  large 
opening  to  permit  the  passage  of  the 
light.  The  polanscope  is  naturally 
directed  toward  the  bnghtest  part  of  the  glowing  substance. 
It  is  not  at  all  necessary  to  use  a  ground-glass  chimney,  as, 
with  proper  distance  between  lamp  and  instrument  (§129),  the 
meshes  of  the  mantle  do  not  disturb  in  the  slightest  degree, 
since,  in  fact,  the  image  of  the  glowing  body  produced  by  the 
illumination  lens  is  formed  at  the  analyzer  diaphragm 

141.  Lamp  for  Electric  Light. — This  consists  of  a  stand  with 
the  necessary  connecting  wires  on  which  a  very  strong  incan- 
descent lamp  (of  about  50  Hefner  units  with  100  to  no  volts) 
can  be  moved  in  vertical  direction.     The  metallic  cylinder  sur- 
rounding the  globe  has  an  opening  m  the  right  place  to  allow 
the  best  part  of  the  light  to  pass 

142.  Zirconium  Light. — The  zirconium  light  is,  by  far,  the 
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most  intense  white  light.  To  produce  it  a  lyinnemann  burner 
fed  by  oxygen  and  illuminating  gas  is  used,  the  hottest  part 
of  the  flame  being  directed  against  a  plate  of  zirconia  in  a 
platinum  support.1  Instead  of  a  zirconia  plate  a  cylinder 
of  the  same  substance  may  be  used.2  It  is  most  advantageous 
to  place  the  burner  in  a  large  sheet-iron  box  provided  with 
windows,  a  door,  and  an  inclined  chimney.  The  lime  light 
burners,  fed  by  illuminating  gas  and  oxygen,  may  also  be 
strongly  recommended  8 

2.  Lamps  for  Homogeneous  Light 

143.  Simple  Sodium  Flame  Gas-Lamps.*— In  order  to  secure  a 
sodium  flame  of  considerable  dura- 
tion, the  lamp  illustrated  in  Fig.  62 
may  be  used  This  consists  of  a  Bun- 
sen  burner  which  may  be  adjusted  in 
vertical  position,  over  which  a  me- 
tallic chimney  is  placed.  The  gas 
entrance,  s,  is  found  at  one  side 
where  it  will  not  become  clogged  by 
bits  of  salt  dropping  from  the  flame 
The  chimney  may  be  adjusted  by 
aid  of  the  screw  h  at  the  proper 
height.  At  the  top  of  the  column, 
p,  which  may  be  rotated,  a  rod  is  at- 
tached horizontally  which  carries 
at  its  end  a  bundle  of  fine  platinum 
wires.  These  are  so  bent  that  they 
form  a  little  pointed  spoon.  If  this 
is  filled  with  well  dried  salt  and 
turned  so  as  to  rest  in  the  front  side 
of  the  flame,  the  melted  salt  is  drawn  ^_» 
up  into  the  point  of  the  spoon  and^ 
produces  an  intense  yellow  light  on 
volatilization.  By  aid  of  the  sheet 
metal  shutter  k,  which  has  an  opening,  the  light  from  the 

1  Ifinnemann    "  Ueber  em  neues  I<euchtgas-Sauerstoffgeblaesse  und  das  Zir- 
konlicht,"  Wiener  Sitzungstaerichte  II,  93, 1248  (1885). 
s  From  M  Wolz,  in  Bonn 
«  From  Meckel,  Kaiserstrasse  32,  Berlin. 
*  From  Schmidt  and  Haensch,  Berlin. 
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brightest  part  of  the  flame  only  may  be  allowed  to  pass 
A  second  sodium  lamp,  which  is  very  muchflike  the  first, 

is  shown  in  Fig.  63  ;  the 
application  will  be  read- 
ily understood.  Instead 
of  salt,  well  calcined  so- 
dium carbonate  may  be 
used  in  these  lamps ,  the 
volatilization  is  slower, 
but  the  intensity  of  the 
light,  at  the  same  time, 
less 

144.  Pribram's  Sodium 
Lamp.1 — If  it  is  necessary 
to  work'a  long  time  with 
constant  illumination , 
the  Pribram  lamp,  shown 
in  Figs  64  and  65,  is 
found  useful  The  gas 
led  in  at  a  emerges 
through  the  fine  open- 
ings at  b  and  mixes  in 
the  burner  top  c  with  the 
air  which  enters  at  d,  the 
flow  of  which  may  be  reg- 
ulated by  turning  a  per- 
forated disk  by  aid  of  the 
lever  k.  The  gas  is  ig- 
nited at  the  gauze  top  of 
the  burner  at  e.  The 
63  chimney  b,  which  is  lined 

with  asbestos,  has  four  openings,  through  one  of  which,  m,  the 
light  reaches  the  polanscope,  while  a  second  one,  i,  is  furnished 
with  a  cap  and  serves  for  igniting  and  observing  the  flame. 
At  g  and  h  two  little  platinum  boats,  which  are  filled  with 
fused  salt,  may  be  introduced  into  the  flame. 

i  Pribram    "  Ueber  einen  neuen  Brenner  fur  Natriumlicht,"  Ztschr  anal  Chem., 
34, 166  (1895),  made  by  Schmidt  and  Haensch 


LANDOI/T'S  SODIUM  LAMP 


397 


Fig  64  MS  65 

145.  Landolt's  Sodium  Lamp.1— A  much  stronger  sodium  light 
than  that  furnished  by  the  burners  described  may  be  secured  by 
the  lamp  shown  in  Fig  66  A  Muencke  burner  (Bunsen  lamp 
with  conical  wire  gauze  top  and  so  strong  an  air  supply  that 
the  inner  dark  cone  of  the  flame  disappears)  is  supported  on 
an  iron  stand,  the  upright  rod  of  which  carries  a  square  chim- 
ney, B,  made  of  sheet  iron  The  front  side  of  this  chimney 
has  a  round  opening,  over  which  the  plate  C,  with  three  holes 
of  20,  15,  and  10  mm.  diameter,  may  be  shoved  Two  nickel 
wires,  D,  are  laid  across  the  sheet  metal  cylinder  at  the  top  of 
the  lamp  A,  renting  in  notches  m  the  cylinder,  and  around 
the  middle  of  these  wires  pieces  of  nickel  gauze  are  rolled 
The  meshes  of  this  gauze  are  filled  with  salt,  and  most  easily, 
as  shown  m  Fig.  67,  by  laying  them  in  a  little  trough  of  nickel 
foil  in  which  the  salt  has  been  previously  melted  by  aid  of  two 
Terquem  burners.  By  placing  the  cylinder  of  the  Muencke 
burner  low,  so  that  the  salt  is  just  over  the  wire  gauze  cone  of 
the  lamp,  a  very  intense  color  is  produced  at  the  front  and  back 
of  the  flame. 

i  I,an(loH  "Natriumlauipe  fur  Polansationsapparate,"  Ztschr  fur  Instr.uiE  ,  4, 390 
(1884)  .made  by  Muencke,  Berlin. 


398 


IWJMINATING  LAMPS 


Fig  66  .  Fig  67 

If  instead  of  common  salt  dried  sodium  bromide  is  used, 
following  the  suggestion  of  Fleischl  v.  Marxow,1  a  very  much 
more  intense  light  is  secured  ;  but  the  sodium  bromide  volatil- 
izes much  more  rapidly  than  the  chloride  and  bromine  vapors 
escape  from  the  flame  In  working  with  sodium  bromide  one 
must,  therefore,  place  the  burner  under  a  good  draft,  as 
otherwise  the  polariscope  may  be  completely  ruined  by  the 
bromine  vapors 

146.  Intense  Sodium  Light. — A  very  high  illuminating  power 
is  found  in  the  pencils  suggested  by  du  Bois,2  consisting  of 
sodium  bicarbonate  and  sodium  bromide  in  gum  tragacanth, 
heated  in  the  L,mnemann  oxygen  blast-lamp  As  these  pen- 
cils give  out  bromine  vapors,  a  good  draft  must  be  provided 
Besides  this,  the  greatly  increased  illuminating  power  calls 
for  a  great  consumption  of  material,  so  that  a  rod  about  4  mm. 
thick  and  14  cm.  long  is  completely  burned  in  about  ten  min- 
utes. If  one  wishes,  therefore,  to  work  with  these  pencils,  it 
is  necessary  to  have  an  assistant  or  a  clock-work  mechanism 
to  continually  regulate  the  flame.  These  drawbacks  are 
avoided  by  using,  according  to  Gumlich,8  rods  of  fused  sodium 

1  Fleischl  v  Marxow    Wied.  Ann  ,  38,  675  (1889) 

2  Du  Bois :  Ztschr  fiir  lustrum ,  12,  165  (1892) 
8  Gumlich    Ibid  ,  16,  in  (1896). 
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carbonate  about  6  mm.  thick  and  15  cm. 
mann  oxygen  blast-lamp.  No  objectionable  vapors  are  pro- 
duced, and  the  rods  burn  so  slowly  that  in  a  period  of  about 
seven  minutes  it  is  usually  not  necessary  to  change  their 
position.  Although  the  intensity  of  the  light  produced  is  not 
quite  equal  to  that  from  the  du  Bois  pencils,  it  is  quite  suffi- 
cient for  nearly  all  purposes  m  polanmetry.  As,  furthermore, 
the  use  of  these  soda  pencils  is  quite  cleanly,  the  volatilization 
of  fused  rods  in  the  oxygen  lamp  may  be  strongly  recom- 
mended. 

j .  Purification  of  the  Sodium  Light       Optical  Center  of  Gravity 

147.  Lippich'sSodiumLight-Filter.1 — In  the  following  considera- 
tions, in  order  to  have  a  specific  kind  of  instrument  in  mind, 
we  shall  assume  that  all  observations  are  made  with  a  I^ippich 
half-shadow  apparatus  with  double  or  triple  field  As  the 
following  paragraphs  will  take  up  also  the  comparison  of 
polarimetnc  measurements,  it  may  be  remarked  at  the  outset 
that  the  discussion  can  not  be  a  complete  one,  because,  in  the 
first  place,  the  limits  of  the  book  would  not  justify  it,  and, 
secondly,  because  in  many  cases  it  would  not  be  possible  to 
verify  theoretical  considerations  by  experimental  data  avail- 
able 

Assume  a  substance  having  the  power  of  rotating  the  plane 
of  polarization  and  kept  under  constant  conditions  It  will 
then  rotate  lights  of  all  wave-lengths  through  definite  angles, 
depending  only  on  these  wave-lengths  L,et  the  rotation  ft 
correspond  to  the  perfectly  homogeneous  light  of  wave-length 
A..  Now,  suppose  the  apparatus  illuminated  by  mixed  light 
made  up  of  light  of  wave-length  A,  and  light  of  wave-length 
\  L,et  A!  be  smaller  than  A.,  and  \  greater  than  A,  but  so 
nearly  the  same  that  the  eye  may  not  recognize  the  difference 
in  shade  between  them.  Notwithstanding  the  consequent 
rotation  dispersion,  it  will  then  be  possible  to  find  the  angle 
of  rotation  ft  of  the  substance  for  this  mixed  light,  as  well  as 
if  the  instrument  were  illuminated  with  perfectly  homogeneous 
light.  The  same  angle  of  rotation,  ft,  would  be  found  by 
using  for  illumination,  a  perfectly  homogeneous  light  of  wave- 

Ztschr.  Mr  lustrum.,  la,  340  (1892) 
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1  length  A.,,.     It  may  be  said,  therefore,  that  for  polarimetricmeas- 

'  urements,  \ts  the  optical  center  of  gravity  of  the  mixed  lights 

of  wave-lengths  \  and  A^/  that  is,  if  this  mixed  light  be  em- 
ployed, rotations  are  obtained  which  actually  correspond  to  the 
wave-length  \.  As  all  polarimetnc  measurements  depend 
finally  on  comparisons  of  brightness,  it  may  be  recognized 
directly  that  the  optical  center  of  gravity  A8,  depends  not  only 
on  the  wave-lengths  A.,  and  A2  but  on  the  intensities  of  the  two 
homogeneous  components.  For  a  definite  condition  of  bright- 
ness in  the  two  components  we  have,  for  example,  Aa  =  A,  and 
consequently  /^  =  ft  ,  if  now,  the  brightness  of  the  component 
Aa  increases,  then  the  optical  center  of  gravity  A.,  will 
approach  \  from  A.  It  may  be  now  shown  that  the  optical 
center  of  gravity  \  depends  simply  and  alone  on  the  wave- 
lengths and  degrees  of  brightness  of  the  two  homogeneous  com- 
ponents in  the  source  of  light,  and  not  on  the  rotation  dispersion 
of  the  investigated  substances,  or  on  the  amount  of  the  angle 
of  rotation  or  the  size  of  the  half -shadow  angle  chosen,  as  long  as 
the  observations  are  made  with  the  Lippich  apparatus,  and  the 
absorbing  power  of  the  substance  is  relatively  the  same  for  the  two 
components  In  investigating  substances  with  considerable 
color,  care  must  be  taken  to  see  that  this  last  condition  is  ful- 
filled ,  m  what  follows,  uniform  absorption  is  assumed. 

If  we  pas5?  now  to  the  general  case,  that  is,  if  we  assume 
that  the  source  of  light  furnishes  light  of  all  wave-lengths, 
then,  for  polarimetnc  purposes,  a  definite  optical  center  of 
gravity  will  correspond  to  this  light  also,  as  long  as  the  field  of 
view  possesses  the  same  color  when  the  point  of  optical  equilib- 
rium is  found  with  the  observed  substance  in  position,  as  it  had 
at  the  time  of  the  zero-point  determination  If  this  is  not  the 
case,  then  the  optical  center  of  gravity  depends  on  the  color 
sense  of  the  observer,  and  the  adjustment  for  reading  becomes 
more  and  more  inaccurate  with  increasing  difference  in  color. 
With  constant  color,  it  may  be  shown,  as  before,  that  the  optical 
center  of  gravity  of  the  source  of  light  depends  simply  and  alone 
on  the  relative  distribution  of  intensity  in  the  spectrum  of  the 
source  of  light,  as  long  as  the  absorption  of  the  active  substance 
is  relatively  the  same  for  all  wave-lengths  in  the  light  in  ques- 
tion. We  have  then  this  important  result,  that  under  the 
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assumed  conditions,  a  definite  optical  center  of  gravity  corresponds 
to  any  given  source  of  light,  whuhis  the  same  for  all  Lippich 
instruments.  Of  course,  otheY  sources  of  light  which  show  the 
same  relative  brightness  in  their  spectra,  have  the  same  dptical 
center  of  gravity.  If  the  light  is  purified  by  passing  through 
light  filters,  the  real  source  of  light  must  now  be  taken  as  that 
corresponding  to  the  new  optical  center  of  gravity.  In  what 
follows  the  optical  center  of  gravity  will  be  given  for  the 
sources  of  light  mentioned,  as  far  as  this  is  possible  with  the 
present  meagre  and  inaccurate  determinations 

We  shall  consider  first  the  most  commonly  used  homogene- 
ous light,  the  sodium  light.  Every  source  of  sodium  light 
gives  a  continuous  spectrum,  in  which,  however,  the  light  of 
the  sodium  lines  is  enormously  in  excess.  If  now,  smaller 
rotations  are  measured  with  the  unpurified  sodium  light,  the 
rather  dark  field  of  view  will  disclose  no  color.  But  as  soon 
as  large  angles  of  rotation  are  to  be  measured  the  field  of  view 
appears  distinctly  colored  and  the  sodium  light  must  be  puri- 
fied from  foreign  rays  The  color  of  the  field  depends  on  the 
rotation  dispersion  of  the  active  substance.  As  the  analyzer 
is  always  so  placed  that  the  yellow  sodium  light  is  nearly  ex- 
tinguished, it  follows  that  with  large  rotations  the  blue  rays, 
for  example,  which  are  much  more  strongly  rotated  than  the 
yellow,  are  able  to  pass  through  the  analyzer  but  little  weak- 
ened and,  therefore,  impart  a  blue  color  to  the  field  of  view  The 
shade  depends  on  the  rotation  dispersion  of  the  active  sub- 
stance, and  the  amount  of  the  angle  of  rotation.  In  the  course 
of  time  a  large  number  of  absorbing  substances  have  been  sug- 
gested to  purify  the  sodium  light,1  of  which,  up  to  the  present, 
the  L/ippich  sodium  light  filter  is  the  best,  if  for  the  moment 
we  leave  the  complete  spectral  purification  out  of  consideration ; 
therefore  this  Lippich  light  fitter  only  will  be  specially  de- 
scribed. 

The  I/ippich  sodium  light  filter  is  an  absorption  cell  consist- 
ing of  two  chambers  which  the  light  passes  in  succession,  and 
which  are  closed  by  plane  plates.2  The  larger  of  the  two 
chambers  has  a  length  of  10  cm.,  the  smaller  a  length  of  1.5 
cm.  The  large  chamber  is  filled  with  a  filtered  6  per  cent,  so- 

1  The  light  filters  must  toe  placed  between  the  lamp  and  the  illumination  lens 
*  It  is  made  by  Schmidt  and  Haensch,  Berlin. 
26 
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lution  of  potassium  dichromate,  in  water     In  the  smaller  cell 
there  is  a  solution  of  uranous  sulphate,  US2O8     This  is  deep 
green  and  must  be  made  by  reduction  of  the  corresponding 
uranyl  salt,  US06.     As  the  uranous  salt  solution  passes  into 
the  other  by  oxidation  in  the  air,  a  perfectly  air-tight  cell  must 
be  provided,  and  the  solution  must  be  renewed  from  time  to 
time.    The  uranous  sulphate  solution  is  made  as  follows  •  5 
grams  of  pure  uranic  sulphate  is  dissolved  in  100  cc  of  water 
and  2  grams  of  pure  zinc  in  powdered  form  added.     Then  3 
cc.  of  concentrated  sulphuric  acid  is  added  in  three  portions, 
waiting  after  each  addition  until  the  reaction  is  nearly  com- 
plete ;  the  flask  must  remain  closed    After  the  addition  of  the 
last  portion  of  acid  the  closed  flask  is  allowed  to  stand  about 
six  hours  ;  the  liquid  is  then  filtered  and  filled  into  the  cham- 
ber m  such  a  manner  as  to  leave  the  smallest  possible  air  bub- 
ble    After  a  day  the  solution  comes  to  rest  and  remains  one 
or  two  months  constant.     The  weights  and  volumes  given 
above  must  be  adhered  to  within  l(m  of  their  amounts     While 
the  potassium  dichromate  absorbs  a  part  of  the  green  rays  and 
the  blue  rays,  the  uranous  sulphate  solution  has  a  wide  and 
deep  absorption  band  in  the  red  which  reaches  nearly  to  the 
D  lines.     A  spectrum  is,  therefore,  obtained  in  which  only  a 
small  band  with  the  D  lines  in  the  middle  is  present.     The 
two  solutions  produce  so  complete  a  purification  of  the  sodium 
light  that  even  with  a  rotation  of  50°  and  a  strong  illumina- 
tion, difference  in  color  is  scarcely  perceptible    It  is,  therefore, 
desirable  that  chemists  in  general  should  employ  this  I/ippich 
filter  for  the  purification  of  sodium  light,  and  especially  for  tne 
reason  that  thereby  the  results  of  different  observers  would  be 
comparable  among  themselves 

148,  Optical  Center  of  Gravity  of  Sodium  Light, — Completely  pu- 
rified sodium  light  consists  of  the  light  of  the  two  D  lines  and 
extremely  little  light  of  adjoining  wave-lengths.  Following 
Bell1  we  shall  take  the  wave-length  of  the  less  refrangible  so- 
dium line  Dj,  as  589.62  jwju,  and  of  the  more  strongly  refrangi- 
ble one  D2,  as  589.02"  /*/*.  In  close  agreement  the  observa- 
tions of  Soret  and  Sarasin,2  and  of  I4ppich8  have  shown  that 

*  Bell    Phil  Mag  [5]  35,  245,  350  (1888). 

5  Soret  and  Sarasin  Compt.  rend ,  95, 635  (1882) 

*  Xfippich  Wiener  Sitzungsber,  II,  99,  732  (1890) 
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for  a  quartz  plate  i  mm.  in  thickness  the  difference  in  rotation 
of  the  two  D  lines  corresponding  to  the  0.60  jwyw  is  about  160"  x 
Therefore  a  difference  in  rotation  for  i  mm.  of  quartz,  A  /?, 
corresponding  to  a  change,  4  \,  in  the  wave-length  in  the 

neighborhood  of  the  D  lines  may  be  calculated  from  the  equa- 

[/  fgf  -i 
— .     If,  therefore,  we  determine 
M    -I 

as  I4ppich  did,  the  rotation  J3  of  a  quartz  plate  for  homogene- 
ous light  of  wave-length  A.  =  D2(  for  example,  and  then  the 
rotation  0,,  for  any  other  sodium  light,  we  are  able  in  the  sim- 
plest manner,  by  aid  of  the  above  equation,  to  calculate  the 
optical  center  of  gravity  corresponding  to  ftv  But  this'  optical 
center  of  gravity  is  not  peculiar  to  the  quartz  alone,  but  it 
holds  good  for  all  substances,  since,  as  was  explained  in  the 
last  paragraph,  the  optical  center  of  gravity  of  a  source  of 
light  is  independent  of  the  rotation  dispersion  and  of  the  size 
of  the  angle  of  rotation.  It  is,  therefore,  possible  to  find,  with 
the  aid  of  a  quartz  plate,  the  optical  center  of  gravity  of  the 
different  kinds  of  sodium  light 

We  may  now  calculate  this  optical  center  of  gravity  for  per- 
fectly purified  sodium  light,  and  it  may  be  assumed  that  it 
contains  only  the  light  of  the  two  D  lines  According  to  Die- 
trich11 the  relation  of  the  intensities  of  the  two  lines  is  D^/Dj  = 
i  6.  By  aid  of  this  value  and  the  wave-lengths  given  above 
for  the  D  lines  the  optical  center  of  gravity  of  the  fully  puri- 
fied sodium  light  is  found  to  be  589  25  pp  ,  the  method  of  cal- 
culation need  not  be  discussed  here  Lippich  has  experi- 
mentally determined  the  optical  center  of  gravity  for  several 
sodium  lights ;''  the  wave-lengths  of  the  center  given  in  the 
table  below  differ  from  those  stated  by  I/ippich  in  the  paper 
cited,  by  a  constant  difference,  because  he  assumes  a  wave- 
length for  D2  different  from  that  we  have  taken  above  Finally, 
it  is  possible  to  calculate  from  some  observations  of  lyandolt* 
the  optical  center  of  gravity  of  unpurified  sodium  light  (I^an- 
dolt  sodium  lamp  with  NaCl)  as  588.06  /*/«.  In  the  following 
table  the  determined  optical  centers  are  grouped  for  comparison. 

1  About  the  same  value  is  given  by  the  Boltzmann  dispersion  formula  for  quartz. 

2  Dietrich    Wied  Ann.,  la,  519  (1881). 

8  lyippich-  Ztsohr.  fur  Instrum.,  la,  333  (1892) 
*  l^andolt-  Ber.  d.  clietn,  Ges,,  37,  2885  (1894) 
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,  OPTICAL  CENTERS  OF  GRAVITY  of  SODIUM  LIGHT,  ASSUMING 

589.02  /ija  AS  THE  WAVE-LENGTH  OF  DB. 


No. 

Source  of  I«ight 

Purification 

Wave- 
lengths 
in  pp 

I 

Bunsen  burner 
with  NaBr 

!/ayer  of  a  9  per  cent  aqueous  solu- 
tion of  K-jCr-jO,  10  cm  thick 

592.04 

2 

Bunsen  burner 
with  NaCl 

Layer  of  a  9  per  cent  aqueous  solu- 
tion of  K2Cr2O,  10  cm  thick 

58948 

3 

Bunsen  burner 
with  NaCl  or  NaBr 

Lippich's  sodium  light  filter, 
K2Cr2O?  and  US2O8 

589.32' 

4 

Sodium  light 

Perfectly  punned  spectrum  light 
The  two  D  lines  only 

58925 

5 

Landolt's  sodium 
lamp  with  NaCl 

Layer  of  a  6  per  cent  aqueous  solu- 
tion of  KjCrjjO,  i  5  cm  thick 

588.94 

6 

Bunsen  burner 
with  NaCl 

Layer  of  a  9  per  cent  aqueous  solu- 
tion of  K2Cr2O7  10  cm.  thick,  and 
layer  of  a  13  6  per  cent  aqueous 
solution  of  CuCl2  1  cm  thick2 

588.91 

7 

Landolt's  sodium 
lamp  with  NaCl 

Not  purified 

588.06 

It  must  be  again  remarked  that  these  optical  centers  of 
gravity  are  exact  only  when  the  active  substances  under  in- 
vestigation do  not  appreciably  alter  the  distribution  of  the 
intensity  of  the  light  from  the  source  employed  If,  in  illus- 
tration, the  rotation  of  a  quartz  plate  is  found  to  be  20°  with 
light  No  i,  the  same  plate  will  show  a  rotation  of  20.27°  with 
light  No.  7  ;  the  difference  amounts  to  16.2  minutes  of  arc, 
certainly  a  considerable  amount.  It  is  plain,  therefore,  how 
important  it  is  in  statements  of  rotations  for  sodium  light  to 
give  at  the  same  time  the  optical  center  of  gravity  of  the  light 

1  The  optical  center  of  gravity  is  therefore  found  midway  between  the  two  D  lines 
and  it  is  further  seen  that,  after  purification  with  the  Wppich  filter,  even  large  varia- 
tions in  the  intensity  of  the  sodium  light  do  not  appreciably  affect  the  optical  center 
of  gravity 

a  One  gram  of  cupnc  chloride  to  6  35  cc.  of  water 
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used,  as  otherwise  the  rotations  are  uncertain  to  the  extent  of 
i  per  cent,  or  more.  If  we  consider,  foi  example,  the  results 
which  the  different  observers  found  in  the  determination  of 
theVerdet  constant  for  the  electromagnetic  rotation  of  the  plane 
of  polarization,  it  is  evident  that  the  measurements  of  these 
different  observers  are  not  directly  comparable  with  each  other.1 
Nearly  every  one  of  the  seven  observers  employed  a  dif- 
ferent source  of  sodium  light  and  method  of  purification,  and 
besides  this,  several  values  have  evenr  been  found  with  the 
I/aurent  half -shadow  instrument  (see  §113)  ;  furthermore, 
the  electromagnetic  rotation  dispersion  for  carbon  disulphide 
and  water  is  somewhat  greater  than  the  natural  rotation  dis- 
persion of  quartz 

149.  Spectral  Purification  of  Sodium  Light.2 — In  very  exact  work 
physicists  will  always  prefer  spectral  purification  of  light  to 
that  by  means  of  filters  The  spectral  purification  has  always 
this  great  advantage  over  the  filter  method,  that  it  permits  the 
yellow  rays  to  pass  uudimmished  into  the  instruments  while  in 
the  light  filters,  a  certain  amount  of  the  light  is  always 


H 


B 

A 

Fig  68 

absorbed  For  the  purpose  of  spectral  purification,  it  is  not 
recommended  to  use  the  Wermcke  liquid  prism,  because,  in 
consequence  of  the  heating  effect,  the  course  of  the  rays  is 
subject  to  constant  changes ;  it  is  much  better  to  use  glass 
prisms.  The  following  method  of  spectral  purification  of 
sodium  light  has  been  found  by  the  author  through  long  ex- 

1  A  tabular  compilation  of  all  the  absolute  determinations  is  found  in  Ztschr 
furlnstrum,  16,383  (1896)  Notice,  especially,  the  almost  impossible  accuracy  with 
which  several  observers  claim  to  have  established  the  value 

8  See,  also,  Brodhun  and  SchSnrock    Ztschr  fiir  lustrum  ,  16,  244  (1896) 
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perience  to  work  well ;  it  may  be  used  also  in  tlie  purification 
of  any  other  homogeneous  light.     By  aid  of  the  lens  B  (Fig. 
68) ,  a  sharp  image  of  the  source  of  light  A  is  thrown  on  the 
slit-screen  C.    The  light  which  passes  through  the  slit  falls 
on  the  achromatic  lens  D  and  is  then  decomposed  by  the  flint 
glass  prism  B,  placed  in  position  of  minimum  deviation.     A 
sharp  image  of  the  luminous  slit  C,  with  the  spectrum,    is 
thrown  on  the  second  slit-screen  G  by  the  lens  D.     In  order 
to  secure  the  greatest  possible  dispersion,  the  distance  between 
D  and  G  is  taken  rather  great,  say  2  to  3  meters.     The  rays 
are  then  sufficiently  parallel  in  passing  the  prism  B.    Just  in 
front  of  the  slit  G  there  is  a  lens  F,  which  produces  a  sharp 
image  of  the  lens  D  on  the  illuminating  lens  H  of  the  I^ippich 
apparatus.     The  slit  G,  which  passes  the  purified  sodium  liglit, 
must  naturally  have  such  a  position  with  reference  to  the  lens 
H   that  the  latter  will  produce  a  clear  image  of  G  at  the 
analyzer  diaphragm.     As  D  is  pictured  at  H,  it  follows  that 
the  former  must  be  uniformly  illuminated  by  the  slit  C,  which 
however  may  be  accomplished  without  difficulty.     Aside  from 
^reflexions,  there  is,  therefore,  no  loss  of  light  on  the  way 
from  C  to  H.     The  active  sections  of  the  lens  D  and  prism  B 
must  be  chosen  large  enough,  so  that  the  polarizer  diaphragm 
will  be  quite  filled  with  light.     The  width  of  the  slit  G  is,  of 
course,    made    only    as    great    as   required  by  the  analyzer 
diaphragm  and  focal  length  of  the  illumination  lens  H  in  order 
to  secure  maximum  brightness  in  the  field   of  view ;  and, 
accordingly,  the  slit  C  is  made  so  narrow  that  its  enlarged 
image  formed  by  the  sodium  rays  is  just  sufficient  to  fill  the 
slit  G.    As  regards  the  centering  of  the  course  of  the  rays,  it 
may  be  remarked  that  we  begin  with  H  and  place  G,  then  F, 
and  the  following  pieces  in  position.     Of  course,  the  pieces 
from  B  to  G  need  not  be  united  in  one  apparatus  ;  it  is  better 
to  have  them  attached  to  small  stands  which  may  be  moved 
into  the  right  positions  and  then  made  fast  to  the  table  with 
wax.     Although  the  light  rays,  if  the  dispersion  is  sufficiently 
great,  must  pass  through  a  distance  of  5  or  6  meters  from 
the  source  of  light  to  the  eye  of  the  observer,  it  is  still  pos- 
sible to  build  up  the  whole  apparatus  in  a  rather  small  room  if 
a  plane  mirror  is  placed  in  the  prolongation  of  the  axis  of  the 
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apparatus  between  E  and  F.  The  pieces  from  A  to  E  can  then 
be  built  up  parallel  to  the  apparatus  and  but  slightly  removed 
from  it,  and  the  sodium  light  thrown  into  the  instrument  by 
aid  of  the  mirror.  The  spectral  purification  of  the  light  se- 
cured by  this  method  is  so  perfect  that  even  with  an  angle 
of  rotation  of  500°,  the  slightest  color  in  the  field  of  view  is 
not  apparent. 

150.  Dependence  of  the  Optical  Center  of  Gravity  on  the  Brightness; 
that  is,  on  the  Amount  of  Luminous  Vapor  in  the  Unit  of  Volume  of 
the  Source  of  Light. — We  have  now  to  consider  the  question: 
Is  the  optical  center  of  gravity  of  a  purified  homogeneous  light 
a  function  of  the  brightness  of  the  light  ?  Although  the  case 
of  aodium  light  is* somewhat  complicated,  we  shall  take  it  up 
first,  since  this  homogeneous  light  is  the  one  most  commonly 
used.  We  shall  assume  then,  m  what  follows,  completely 
purified  sodium  light ;  that  is,  light  consisting  of  the  two  D 
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lines  and  extremely  little  of  neighboring  wave-lengths,  such 
as  is  obtained  by  the  method  of  spectral  purification  described 
in  the  last  paragraph.  The  relative  distribution  of  brightness 
in  the  spectrum  of  this  sodium  light  corresponds  approxi- 
mately to  Fig  69  in  which,  as  abscissas,  the  wave-lengths  A. 
are  expressed  in  M,  while  the  ordinates  represent  the  inten- 
sities for  the  corresponding  wave-lengths  :  The  light  of  the 
line  Da  is,  according  to  Dietrich,  about  1.6  times  as  bright  as 
that  of  Dr  After  satisfactory  spectral  purification  light  be- 

i  The  false  light  is,  of  course,  much  too  bright  in  the  representation. 
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tween  the  wave-lengths  613  /*//  and  565  /^,  approximately, 
will  enter  the  polarization  apparatus  ;  as  this  spectrum  is  very 
long  for  the  dimensions  chosen  in  the  figure,  only  the  middle 
and  end  portions  are  represented.  The  optical  center  of  gravity 
of  purified  sodium  light  from  all  sources  is  the  same  as  long  as  the 
mean  wave-lengths  of  the  two  D  lines,  and  also  their  relations  as 
regards  brightness,  are  constant.1 

We  may  consider  first,  a  source  of  sodium  light  of  constant 
luminosity,  which,  after  purification,  reaches  the  illumination 
lens  of  the  instrument  with  a  perfectly  definite  optical  center 
of  gravity,  and  ask  now  if  this  center  is  altered  if  the  light  at 
any  part  of  its  path  is  uniformly  weakened.  This  could  be 
the  case,  only  if  the  wave-lengths  were  variable  with  the  in- 
tensity. Now,  Lippich2  has  shown  experimentally  the  con- 
stancy of  wave-length  with  different  values  of  the  intensity  to 
within  Vioo  ooo  ooo  °f  the  value  of  the  wave-length.  His  conclusions 
were  later  confirmed  by  Ebert,3  who  obtained  results  by  the 
method  of  high  interferences  which,  with  proper  homogeneous 
light,  showed  constancy  in  wave-lengths  to  within  Vi, 000.000  ^or 
values  of  the  intensity  varying  between  the  limits  of  i  and 
250  Ebert  was  able  to  show  for 'the  light  of  the  two  D  lines 
especially,  that  a  diminution  to  3  per  cent,  of  the  original 
brightness  did  not  change  the  mean  wave-lengths  Vsooooo0*  their 
value ,  that  is,  not  by  o  ooi  W  We  have  then  this  important 
result^  that  with  unchanged  emission  from  the  source  of  light,  the 
optical  center  of  gravity  does  not  vary  with  the  intensity. 

Now  let  us  suppose  the  emission  from  the  source  of  sodium 
light  to  change  by  altering,  for  example,  the  brightness  As  far 
back  as  1871,  Zollner4  showed  that  when  by  moving  the  salt 
globule  more  or  less  completely  into  the  Bunsen  flame,  differ- 
ent amounts  of  sodium  vapor  were  produced,  the  line  D2  in- 
creased in  width  more  rapidly  than  ^  with  increasing  bright- 
ness, and  that  D1  widened  more  rapidly  toward  the  side  of 
greater  wave-lengths  than  toward  the  other,  while  no  such  dis- 

1  The  continuous  spectrum  of  the  [false  light  in  the  sodium  light  does  not  change 
the  optical  center  of  gravity  of  the  two  D  lines,  because  the  brightness  of  the  whole 
range,  of  the  narrow  portion  of  the  spectrum  from  which  light  enters  the  apparatus 
may  be  taken  as  constant 

2  l4ppich ,  Wiener  Sitzungsber ,  II  72,  355  (1875) 
8  Ebert    Wied  Ann  ,  32,  337  (1887) 

*  Zollner    Pogg  Ann ,  143,  88  (1871) 
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placement  of  the  center  of  D,  on  widening  was  to  be  observed. 
From  these  observations,  it  follows  that  a  change  in  the  opti- 
cal center  of  gravity  is  indeed  possible  with  a  change  in  bright- 
ness in  the  sodium  light,  On  what  does  the  widening  of  a 
spectrum  line  depend  ?  As  even  the  most  homogeneous  spec- 
trum line  is  formed  by  a  series  of  elementary  rays  whose  wave- 
lengths are  infinitely  close  together,  it  must  follow  that  the 
intensities  of  the  elementary  rays  are  a  continuous  function  of 
the  wave-lengths,  The  brightness  of  the  spectrum  lines  can- 
not, therefore,  change  suddenly  on  the  sides  but  must  grad- 
ually decrease  to  /era,  If  such  a  line  is  broadened,  it  is  the 
intensities  of  just  those  wave-lengths  on  the  edges  of  the  spec- 
tral lines  which  are  .so  much  increased  that  they  become  per- 
ceptible to  the  eye.  We  must,  of  course,  distinguish  between 
this  broadening  ami  the-  displacement  of  the  mean  wave-length 
{ the  optical  center  of  giuvity }  of  the  spectrum  line  in  question  ; 
this  displacement  may  depend  on  a  broadening1  of  the  line  as 
well  as  tin  u  change  in  the  form  of  its  intensity  curve. 

Tht*  observations  «>f  Xollnei  \\eie  fully  confirmed  by  work 
of  Klieit  '  As  the  latter,  in  these  investigations,  made  quau- 
litatne  measurements  by  the  method  of  high  interferences  of 
the  changes  in  mean  \ia\e-lengths  of  scveial  lines  of  the  spec- 
titun,  so  that  \\e  ha\e  lull  data  eouceimng  the  amount  of  pos- 
sible displacements,  tins  woik  of  Kbeit's  must  be  regaided 
as  ot  gieat  nnpojtamv  m  pohuimetiy  and  will,  theiefore,  re- 
i-eiveheiei-losfr  attention.  Iiihisexpenments,  Khert  employed 
a  Tenniem  buniei ,  ami  modified  the  emission  of  light  by 
moving  the  salt  globule  to  a  gieater  01  less  depth  in  the  flame. 
As  long  as  the  salt  just  touches  the  edge  of  the  flame,  the 
wiMiri/ution  iiml  brightness  aie  small,  but  these  increase  as 
the  globule  is  pushed  further  into  the  flame  until  a  point  is 
wu'hetl  near  the  inner  cooler  /.one  where  the  vaporization 
again  decrease*.  With  such  alterations  in  brightness,  Ebert 
found  displacement*  of  the  mean  wave-length  of  sodium  light 
amounting  to  o  044  w<,  imd  increasing  toward  the  less  refran- 
gible end  of  the  sjwctrum,  with  increase  in  brightness.  At 
Iht  :&Mf  time  Rbert  showed  for  sodium  light  as  well  asjor  sev- 
eral other  spectral  lines,  that  primarily  neither  the  thickness  of 

'  Klwrt    Wiwl  Ann.,  34. 
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the  luminous  layer  nor  the  temperature  of  the  source  of  light  or 

\  the  chemical  changes  taking  place  in  it  cause  any  changes  in  the 

!  wave-length^  but  that  the  mean  wave-length  depends  simply  and 

,  alone  on  the  density  of  the  vapor  ;  that  is,  on  the  amount  of  vapor 

|  of  the  luminous  substance  in  the  unit  of  volume,  and  varies  with 

}  alterations  in  the  density  of  this  vapor.     It  is  also  true  that  the 

'•i  amount  of  change  for  the  different  sodium  salts  under  the 

!  same  conditions  of  vaporization  is,  m  general,  not  the  same  ; 

1  but  the  variations  are  not  large.     If  now  a  change  in  bright- 

ness obtained  by  aid  of  a  Terquem  burner  and  salt  bead  pro- 

duces a  displacement  of  the  optical  center  of  gravity  of  sodium 

light  amounting  to  0.044  J^i  one  may  not  be  mistaken  in  as- 

suming that  with  much  greater  changes  in  illumination  the 

displacement  of  the  center  will  probably  be  still  more  marked. 

This  view  has  recently  been  completely  verified  by  Schonrock,1 

]  and  by  aid  of  polarization  apparatus  which  for  such  investiga- 

tions is  doubtless  more  sensitive  than  Bbert's  method  of  high 

interferences. 

Schonrock  worked  with  a  I^ippich  half  -shadow  instrument, 
and  employed  as  source  of  light  the  Linnemann  oxygen  blast- 
lamp  described  in  §142,  in  which  sticks  of  fused  sodium  car- 
bonate were  vaporized  ,  the  sodium  light  obtained  was  purified 
perfectly  by  a  flint  glass  prism  with  a  ray  path  of  about  3 
meters  It  could  then  be  shown  easily  that  the  optical  center 
of  gravity  varied  considerably  with  the  brightness  of  the  flame, 
since  the  amount  of  an  angle  of  rotation  must  vary  corre- 
spondingly If  by  use  of  a  perfect  quartz-plate  or  a  cane-sugar  so- 
lution an  angle  of  rotation  of  about  100°  is  obtained,  this  is  found 
to  decrease  about  140  seconds  of  arc  when  the  stick  of  sodium  car- 
bonate is  moved  more  and  more  into  the  hottest  part  of  the  flame  . 
i  The  zero  point  of  the  instrument  is  in  no  wise  changed  in  the  op- 

erations   Therefore,  according  to  the  formula  developed  in  §148, 


the  optical  center  of  gravity  of  sodium  light  must  be  moved 
about  o.i  i  W  with  increasing  brightness,  that  is,  about  one- 
fifth  of  the  distance  between  the  two  D  lines  and  toward  the 

i  Schbnrock  "Die  Thatigkeit  der  Physikalisch-tecnmsclien  Reichsanstalt,"  Ztschr. 
fur  lustrum  17  (1897) 
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red  end  of  the  spectrum,  This  displacement  is  in  the  same 
direction  as  shown  by  Ebert,  but  in  consequence  of  the  much 
greater  variation  in  bnghtness  i!s  more  than  twice  as  large  as 
he  found  Without  doubt  by  working  with  the  du  Bois  soda 
pencils  described  in  §146  still  greater  displacements  of  the 
optical  center  could  be  demonstrated.  At  the  same  time 
Schbnrock  found  in  complete  agreement  with  the  results  of 
lyippich  and  Ebert,  by  aid  of  a  Nicol  prism  placed  in  front  of 
the  illumination  lens  of  the  instrument,  that  with  constant 
emission  from  the  source  of  light  the  wave-length  of  the  optical 
center  of  gravity  does  not  change  with  the  intensity  of  the 
light.  The  displacement  of  the  center  for  sodium  light  is 
doubtless  due  not  only  to  the  unsymmetrical  widening  of  the 
line  Du  but  also  to  a  change  in  the  relation  of  the  lines  ^  and 
D4  to  each  other  as  regards  brightness.  But  this  point  remains 
to  be  cleared  up  by  future  work.  In  §148  the  optical  center 
of  gravity  .of  perfectly  purified  sodium  light  is  calculated  as 
589  25  W  ;  we  know  now  that  this  value  is  probably  correct 
for  a  certain  mean  brightness  of  the  sodium  light,  but  that  in 
addition  it  may  vary  by  o  1 1  /^  by  changes  in  the  emission 
from  the  source  of  light 

As  with  sodium  light  the  optical  centers  for  all  other  lines 
or  perfectly  purified  homogeneous  lights  change  more  or  less 
strongly  with  variations  in  the  amount  of  vapor  in  the  unit 
volume  of  the  source  of  light.  In  his  work  referred  to  above 
Ebert  made  quantitative  measurements  of  the  displacement 
for  some  lines  of  thallium,  lithium,  potassium,  and  strontium 
Without  exception  he  found  that  the  widening  of  the  lines  was 
stronger  toward  the  end  of  less  refrangibility  than  toward  the 
other,  so  that  with  increasing  brightness  the  optical  centers  of 
gravity  moved  toward  the  red  end  of  the  spectrum  The  dis- 
placements observed  by  him  are  given  in  the  following  short 
table,  for  which  it  must  be  remembered  that  the  changes  of 
brightness  were  produced  by  aid  of  a  salt  bead  and  Terquem 
burner  only. 
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DISPLACEMENT  OF  THE  OPTICAL  CENTERS  OF  GRAVITY  OF  SOME  SPEC- 
TRUM LINES,  ACCORDING  TO  EBERT. 


Source  of  light 

Wave-lengths  in  nn 

Displacement  in  jUju 

LiCl   Li  CO™  

670  8 

o  06 

T1  Cl  

s'te  T 

o  026 

v  Cl    

768  o 

o  046 

KCl   

4.OA  6 

1 

SrCl  

460  8 

o  019 

In  their  paper  "  Ueber  die  Spectren  der  Alkahen,"  Kayser 
and  Runge  make  the  following  statement  :a  "  The  majority  of 
the  lines  of  the  alkalies  are  not,  however,  sharply  defined, 
they  broaden  by  increase  in  the  amount  of  vapor,  and  either 
toward  both  sides  or,  more  commonly,  toward  the  red  end  of 
the  spectrum,  occasionally  however,  toward  the  violet  end  only. 
Such  broadened  lines  often  reach  a  width  of  two  to  three  pp  ' ' 
The  general  conclusion  is  therefore  warranted  that  the  optical 
center  of  gravity  of  a  spectrum  line  is  not  a  constant  but  is  a 
function  of  the  emission  from  the  source  of  light.     Since  the 
Arons  mercury  light,  to  be  described  later,  has  recently  been 
made  available  for  polarimetnc  measurements,  it  may  be  in 
order  to  discuss  briefly  the  spectrum  lines  of  mercury.     It  is 
well  known  that  the  different  spectra  of  one  and  the  same  chem- 
ical element  show  variations  depending  on  whether  they  are 
flame,   spark,  or  arc  light  spectra.     In  the  case  of  mercury 
these  differences  are  very  large,3  so  that  the  strongest  lines  m 
one  spectrum  may  be  in  part  wholly  wanting  in  the  other.     It 
would  appear  probable,  therefore,  that  the  lines  of  mercury 
must  change  strongly  with  changes  in  the  light  arc,  which  in 
turn  changes  with  the  intensity  of  the  producing  current ; 
Kbert  states  that  the  bright  green  mercury  hue,  546  JAJ*,  in- 
creases on  one  side  only,  which,  in  all  probability,  would  have 
a  displacement  of  its  optical  center  of  gravity  as  a  consequence. 
What  conclusion  must  be  drawn  now  for  polarimetry  from  this 
variability  of  the  optical  center  of  gravity  of  purified  homo- 
geneous light? 

i  A  displacement  was  found  but  not  measured 
*  Kayser  and  Runge    Wied  Ann  ,  41,  302  (1890) 
a  Kayser  and  Runge    Ibid ,  43,  385  (1891) 
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In  the  first  place  in  all  polarimetric  measurements,  whether  of 
absolute  amounts  of  rotation,  or  of  differences  of  rotations,  the 
emission  from  the  source  of  light  must  be  kept  constant,  and  this 
may  be  reached  in  a  satisfactory  manner  even  in  investigations 
of  length.  In  the  second  place  it  is  necessary  that  along  with  the 
rotations  the  optical  center  of  gravity  of  the  light  used  must  be 
determined  and  defined  with  corresponding  accuracy,  as  otherwise 
the  measurements  of  different  observers  are  not  comparable  with 
each  other.  It  is  not  sufficient  to  merely  state  that  one  has 
used  sodium  light  after  perfect  spectral  purification,  as  even 
then  its  optical  center  of  gravity  remains  uncertain  to  about 
o.  i  jwy".  This  uncertainty  corresponds  to  a  difference  in  rota- 
tion of  25"  in  an  angle  amounting  to  20° ,  such  an  angle  may 
often  be  measured  without  difficulty  to  within  8".  If  then  the 
expected  accuracy  of  the  method  is  not  to  be  illusory  the  wave- 
length of  the  corresponding  optical  center  of  gravity  must  be 
given  to  within  o  03  ftp.  From  this  it  is  seen  that  in  general 
an  angle  of  rotation  may  be  found  with  a  good  polariscope  with 
a  degree  of  accuracy  which  is  much  greater  than  the  accuracy 
with  which  the  corresponding  optical  centers  of  gravity  may  be 
measured  and  expressed  Whether  it  will  ever  be  possible  to 
carry  the  determination  of  the  optical  centers  of  homogeneous 
lights  so  far  that  they  will  correspond  in  accuracy  to  the 
delicacy  of  the  modern  polarimetnc  apparatus,  remains  for  the 
future  to  show.1 

151.  Absolute  Determination  of  the  Rotation  of  Sodium  Light  for 
Quartz — As  we  have  now  seen  the  several  variations  to  which 
the  optical  center  of  gravity  of  sodium  light  from  different 
sources  is  subject,  we  shall  next  attempt  a  review  of  the  work 
done  on  the  absolute  rotation  of  quartz  for  sodium  light,  as 
already  explained  in  §44,  taking  these  disturbing  variations 
into  consideration.  Passing  over  the  oldest  and  very  inaccurate 
measurements  we  come  at  once  to  the  work  of  v.  Lang  A 
value  is  often  quoted  from  work  of  v  I/ang  done  in  1875* 

i  This  will  be  possible  as  soon  as  the  rotation  dispersion  of  quartz  is  sufficiently 
well  established.  Such  an  accurate  determination  of  the  rotation  dispersion  of  quartz 
may  be  made,  as  is  sufficiently  clear  from  what  has  been  said,  only  by  aid  of  the  Fraun- 
hofer  lines,  and  after  Improvements  in  methods  discussed  in  the  chapter  on  "Determi- 
nation of  Rotation  Dispersion  " 

s  v  I*ang'  Wiener  Sitzungsber.,  II,  71,  707  (1875). 
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wliicli  is  misleading  ;  in  this  work  v.  Lang  investigated  the 
dependence  of  the  circular  polarization  of  quartz  on  the  tem- 
perature, but  did  not  determine,  as  he  himself  explains,  the 
absolute  value  of  the  angle  of  rotation,  assuming  the  rotating 
power  per  millimeter  as  known.  But  in  a  second  investiga- 
tion he  made  an  absolute  determination.1  By  the  aid  of  the 
Broch  method  to  be  described  later,  with  sunlight,  and  using 
a  double  prism  of  right  and  left  quartz  about  33  mm.  thick, 
he  found  at  20°  C.  a  rotation  of  21  724°  per  millimeter  for  the 
line  D.  We  must  take  then  as  the  optical  center  of  gravity 
the  mean  between  the  two  D  lines,  that  is,  589.3  ftp. 

In  1878  Joubert2  made  absolute  rotation  determinations  ;  but 
as  he  worked  with  the  Laurent  instrument  and  sodium  light, 
the  optical  center  of  gravity  being  quite  indefinite,  his  results 
do  not  call  for  consideration 

Following  the  Broch  method  with  sunlight,  Soret  and 
Sarasin8  determined  the  rotation  of  two  quartz  plates,  about  30 
and  60  mm  in  thickness,  for  each  of  the  two  D  lines.  For  the 
middle  of  the  two  lines  (589.3  ju^O  we  find  as  the  mean  value 
from  these  figures  21  708°  per  millimeter,  for  20°  C. 

Soret  and  Guye*  have  made  determinations  with  the  same 
plate  about  60  mm  thick,  used  by  Soret  and  Sarasm.  As  they 
worked  with  a  Cornu  instrument  (§110)  and  sodium  bromide 
light,  purified  through  the  spectrum,  the  wave-length  of  the 
optical  center  may  be  taken  as  before,  as  589  3  //jw.  The  value 
of  21  723°  per  millimeter  at  20°  C.  may  be  calculated  as  the 
mean  value  from  their  experiments. 

More  recently  absolute  rotation  determinations  have  been 
made  by  Gumhch.5  The  optical  center  may  be  again  taken 
as  589  3  /tyw,  as  he  worked  with  the  Lippich  instrument  and 
spectrum  sodium  light.  He  found,  with  four  quartz  plates  of 
approximately  5,  6,  8,  and  10  mm.  thickness,  values  which 
varied  between  21.717°  and  21.731°  per  millimeter  at  20°  C. 
The  mean  value  was  21.724°. 

Finally,  the  author  is  in  a  position  to  give  his  own  results  for 

1  T.  I,ang   Wiener  Sitzungsber ,  II,  74,  209  (1876) 

*  Joubert    Compt  rend ,  87, 497  (1878). 

s  Soret  and  Sarasin    Ibid  ,  95,  635  (1882) 

*  Soret  and  Guye  •  Ibid  ,  115,  lags  (1893). 

'     6  Gumlich    Ztschr  fur  Instrum  ,  16,  97  (1896). 
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the  absolute  rotation  of  quartz.  He  (Schdnrock)  made  his 
determinations  with  a  perfect  quartz  plate,  about  5  mm,  thick, 
by  aid  of  a  Uppich  instrument  and  sodium  light  which  was 
absolutely  purified  through  the  spectrum,  so  that  the  optical 
center  may  tw  taken  as  589.3  ##.  From  many  measurements 
made  at  different  times  the  value  21.723°  per  millimeter  at  20° 
C.,  and  accurate  to  ±0.003°,  is  calculated,  corresponding  to 
the  true  optical  center  of  gravity  of  the  sodium  light  used  ; 
but  this  latter  has  not  yet  been  found  with  a  satisfactory  degree 
of  accuracy. 

As,  therefore,  all  these  observers  have  made  their  determina- 
tions very  nearly  for  the  *amc  center,  589.3  w,  their  measure- 
ments must  be  comparable  with  each  other.  The  results  are 
given  in  the  following  short  table : 

» 
i 

Kntnticm  of  quni  tsr  pei 
millimeter  tit  j»°  C. 

\    I.IIIIK ,  21  724 " 

Suit'!  ami  Sitnisin  >. .   ;  31,708 


SUIT  I  timl  Clim- 

tiumln-h 

SVh«>ntwU  ••«. 


21  7.13 
21  724 
21.723 


With  exeeptiun  of  the  value  of  Soret  and  vSa.ra.sin  the  agree- 
ment is  mule  .1  u'markable  one.  ft  may  be  said  with  certainty 
tlutt,  u\htg  prtfntlv  />u*e  \prcdrum  sodium  /fg"Jif,  r  mm.  of 
yuartet  with  tt  terlatn  mean  brightness  of  the  light,  will  rotate 
thf  plane  tf  polar*  **tton  fiarf/y  j/.?fja  at  a  temperature  of  20* 
C.  But  tin  uenmnt  tif  the  variation  in  the  optical  center  of 
Kiiivity  with  the  briKhtness  of  the  source  of  light  the  rotation 
may  vary  by  almut  ttuxuj.0  per  millimeter.  There  may  accord- 
ingly hr  saw?  rfasorifora  rede  termination  of  the  absolute  rotation 
eifr/narte  <wty  when  ihf  corresponding  optical  center  is  found  with 
an  t</itat  degree  of  atwraty* 

153.  Relation  of  th«  Anglee  of  Rotation,  a,  and  ce1}.  —In  addition 
to  the  illumination  of  «accharimeters  a  white  light  is  employed 
in  the  determination  of  the  angle  of  rotation,  «y,  for  mean  yel- 
low rays  by  aid  of  the  Robiquet  polariscope  (§  100).  As  seen 
by  the  expression  itself,  * '  mean  yellow  rays, ' '  the  angle  of  rota- 
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tion,  ctj,  is  not  accurately  defined;  the  wave-length  correspond- 
ing to  it  may  be  taken  as  about  556  w.1  The  rotation  referred 
to  this,  following  Blot's  suggestion,  is  represented  by  ar,  (jaunc 
inoyeri)  . 

As  the  wave-length  of  mean  yellow  light  is  less  than  that  of 
D  (589  jujw)  the  values  for  a,  are  always  much  larger  than  those 
for  a0.  For  quartz,  as  an  illustration,  we  have  per  millimeter, 
aa  =  21.72°  and  or,  =  24.5°;  these  formulas  for  conversion  are 
therefore  used  : 

ttj  —  24'5  OLD  —  1.  12800,  and  UD  =  2-^-~?--  otj  =  0.887  <*/• 


0«  account  of  unequal  rotation  dispersion  for  different  sub- 
stances the  relation  ofa.D  to  aj  is  a  variable  one.  The  deviations 
from  the  above  values  may  amount  to  10  per  cent,  or  more. 

As  the  rotation  a,  does  not  correspond  to  any  accurately 
definable  ray,  the  determination  of  a,  is  not  satisfactory  and  at 
the  present  time  is  scarcely  made  It  must  be  pointed  out 
here  that  when  a  rotation  is  measured  in  a  half-shadow  appa- 
ratus with  white  light  the  angle  obtained  is  not  accurately  «,  ; 
see  §153. 

There  are  m  the  literature  a  large  number  of  observations 
made  by  Biot2  with  red  light  obtained  by  aid  of  glass  colored 
with  cuprous  oxide,  and  corresponding  approximately  in  ref  ran- 
gibility  to  the  Fraunhofer  line  C  (656  pp  )  From  the  state- 
ment that  this  light  is  rotated  1  8  41°  by  i  mm.  of  quartz  its 
wave-length  is  calculated  as  about  637  jwju.  For  quartz,  there- 
fore, the  rotation  of  this  red  light  is  related  to  that  for  D  as  i 
to  1.18 

153.  Optical  Center  of  Gravity  of  White  Light.  —  The  chemist  is 
sometimes  m  the  position  where,  instead  of  using  yellow  light, 
he  is  obliged  to  employ  white  light  We  shall  therefore  con- 
sider the  optical  center  of  gravity  of  white  light  more  closely, 
under  the  assumption  that  the  rotations  are  measured  with  a  Lip- 
pich  half  -shadow  instrument.  An  optical  center  of  white  light 
can  not  be  directly  defined,  as  it  is  subject  to  considerable  va- 
riations according  to  the  source  of  light  employed.  Sunlight, 
gas  light,  petroleum  light,  Welsbach  light,  electric  light,  zir- 

1  I^andolt    Sitzungsber  der.  Akad.  Berlin,  1896,  p  790 

2  Biot  .  M6m.  de  1'  Acad  ,  3,  177  (1820) 
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cona  light,  lime  light,  and  so  on,  have  all  a  different  distribution 
of  brightness  in  the  spectrum  and,  therefore,  according  to 
§147,  different  optical  centers  of  gravity.  With  white  tight 
illumination ,  however,  only  very  small  angles,  at  most  3°,  may 
be  measured,  because  with  larger  rotations,  the  field  of  view  shows 
considerable  color  variations.  And,  above  all,  the  investigated 
substances  must  be  colorless  and  as  clear  as  water.  If  the  active 
substance  is  colored,  it  will  have  an  absorption  spectrum,  and 
will,  therefore,  alter  more  or  less  strongly  the  composition  of 
the  white  light ;  the  white  light  will,  at  the  same  time,  be 
filtered  by  the  colored  body,  and  in  this  way  the  relative 
brightness  of  different  parts  of  the  spectrum  of  the  original 
light  will  be  totally  altered.  For  one  and  the  same  source  of 
white  light  the  optical  center  vanes,  therefore,  from  substance 
to  substance,  if  they  are  colored.1  That  these  changes  in  the 
optical  center  are  very  considerable  is  shown  by  the  obser- 
vations of  Holzer,2  the  results  of  which  could  be  predicted  from 
what  has  been  said  In  the  investigation  of  colored  sub- 
stances, therefore,  even  when  the  color  is  slight,  the  use  of 
white  light  must  be  given  up  and  an  intense  sodium  light  pro- 
vided. 

The  following  experiments  \\ere  made  to  find  the  optical 
center  of  one  white  light,  the  Welsbach  light,  with  some 
degree  of  accuracy.  The  small  angles  of  rotation  were  secured 
by  combination  of  positive  and  negative  quartz- plates ,  a  posi- 
tive plate  about  i  49  mm.  thick  and  a  negative  plate  about 
1.46  mm.  thick,  gave  together  a  rotation  of  about  +  06°,  while 
the  same  negative  plate  with  a  positive  plate  about  1.6  mm 
thick  gave  a  positive  rotation  of  about  29°.  These  two  angles 
of  rotation  were  measured  in  the  L,andolt  apparatus  (§117) 
with  the  following  three  sources  of  illumination  •  First,  with 
sodium  light  made  by  the  Landolt  sodium  lamp  and  purified 
by  the  I/ippich  sodium  light  filter,  then  with  the  Welsbach 
light  filtered  through  a  layer  of  6  per  cent,  potassium  dichro- 
mate  solution  1.5  cm.  thick,  and  finally  with  pure  Welsbach 
light.  In  using  the  last  sources  of  light,  the  field  of  view 
was  colored  .especially  in  measuring  the  larger  angle  of  rotation ; 

i  The  I^andolt  ray  filters  depend  on  this. 
»  HcMzer  •  Ber  d  chem  Ges  ,  15,  1932  (1883), 
27 
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notwithstanding  this,  the  adjustment  was  always  made  to 
secure  uniform  shade  as  nearly  as  possible,  the  error  of  adjust- 
ment being  in  the  mean  about  ±15  minutes  of  arc,  with  a 
half-shadow  of  3°  Any  effects  of  temperature  changes  may 
be  eliminated  in  such  long  experiments  by  regularly  changing 
the  sources  of  light  and  employing  them,  for  example,  in  this 
order,  I,  II,  III,  I,  III,  II,  I,  so  that  the  mean  values  for  each 
source  of  light  correspond  to  one  and  the  same  mean  tempera- 
ture. The  results  obtained  are  given  in  the  following  table  .l 


By  quartz-plates 

Sodium  light 
purified  toy  the 
Lippich  niter 

Welsbach  light 
through  layer  of 
6  per  cent   solu- 
tion of  K2Cr2O7 
i  5  cm  thick 

Simple  Wels- 
bach light 

n  fin0 

n  fit0 

n  68° 

Angle  of  rotation  2  
Optical  center  in  /A/A 

295° 
5893 

294° 
589 

339° 
55i 

To  within  about  ±001°,  the  same  angles  are  found  with 
the  pure  sodium  light  and  the  filtered  Welsbach  light,  so  that 
the  optical  center  of  the  latter  may  be  taken  also  at  589  /A/A. 
On  the  other  hand,  the  results  found  with  the  simple  Wels- 
bach light,  awl  are  much  larger  than  the  corresponding  <xa.  If 
we  recall  now  that  the  rotation  of  quartz  for  pure  sodium  light 
is  21.72°,  we  may  calculate  by  aid  of  the  known  dispersion 
formulas  for  quartz  that  the  optical  center  of  gravity  of  the 
Welsbach  light  is  about  551  /A/A  We  have  then  the  conver- 
sion formulas 

aw=  1. 1 49 00  and  aD  =  0.870^. 

But  as  the  relation  of  t*D  to  aw  vanes  in  different  substances 
because  of  unequal  rotation  dispersions,  it  must  always  be  re- 
membered that  for  other  bodies  than  quartz,  the  values  of  aD 
calculated  by  the  above  factor  from  observations  of  aw  may  be 
in  error  to  the  extent  of  10  per  cent  or  more.  It  is,  therefore, 
recommended  not  to  use  the  simple  Welsbach  light  at  all,  but 
when  necessary,  to  employ  this  light  purified  by  the  potassium 
dichromate  solution  as  above  defined,  since  in  this  case  a  re- 
duction is  not  required. 
If  one  is  obliged  to  measure  angles  of  more  than  3°  with 

1  Without  doubt,  other  results  -would  be  obtained  by  a  color-blmd  eye 
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white  light,  this  should  not  be  done  under  any  circumstances 
with  a  half-shadow  instrument  with  circular  graduation,  but 
the  rotation  may  be  found  with  a  half-shadow  saccharimeter> 
with  which,  using  the  double  wedge-compensation,  angles  of 
±  34°  may  he  measured.  The  conditions  here  are  very  much 
more  favorable,  because  the  rotation  dispersion  is  very  largely 
compensated  by  the  action  of  the  compensating  quartx-plate  in 
the  wedge,  so  that  its  influence  on  the  measured  angle  of  rota- 
tion is  small ;  colored  substances  also,  may  therefore  be  in- 
vestigated in  sacehari meters.  If  then  the  rotation  in  Ventzfce 
degrees  be  multiplied  by  the  factor  0.347,  a-s  given  in  §127,  it 
may  IK?  at  least  said  that  the  product  obtained  gives  the  angle 
of  rotation  in  circular  degrees  for  sodium  light  with  an  error 
of  a  to  3  jx?r  cent,  at  most.1  Hut  there  is  no  object  in  trying 
to  find  n  more  accurate  reduction  factor  for  each  individual 
substances  because,  on  account  of  rotation  dispersioti,  temper- 
ature effects,  and  variations  in  rotation  with  the  kind  of  illu- 
mination and  color  sense  of  the  observer,  it  is  nevei  possible  to 
make  accurate  deteimmations,  iiec  from  appreciable  systematic 
enrols,  in  a  s,u\  h.irimelei  Whenever  possible,  theiefore,  avoid 
the  use  of  a  sacclui  nuclei  and  sectue  foi  illumination  of  a 
jMiluiiscnjic  the  most  intense  sodium  light  available,  the  pro- 
duction of  which  nu\  be,  moreovei,  accomplished  without 
gieal  dilmultv. 

(I.  Determination  of  Rotation  Diapeision 

154.  Method  of  Broch.  To  fiutl  the  rotation  dispersion  of  a 
Mjbsl.UK'v,  it  is  mvess.u\  to  deleimuie  the  angles  of  lotutiou 
fot  light  ot  dilTeient  wave  lengths  This  may  be  done  by  aid 
of  one  of  the  {xilari/ation  instruments  described,  using  differ- 
ent kiwis  of  homogeneous  light,  which  method  will  be  later 
explained.  Hut  fust,  several  other  methods  must  be  con- 
hitlvrvil.  A  procedure  which  permits  the  determination  for  a 
whole  Hvrie*  of  rays  of  known  wave-length*  was  given  by 
Hroch,'  and  simultaneously  by  Plateau  and  Koucault."  In  this 
process,  ilhtmhutiitm  is  furniithed  by  sunlight  which,  by  aid  ol 

i  Thi»  follow*  from  th»  tint*  of  tantlult .  HiUtmiNlwr.  d«tr  Aktul ,  DcrHiv,  p.  959 
0*1*7). 

<  ttrttth    Wovfl'n  K#twrt  A  Phyn,,  7, 113  (1846). 

*  Kiwmu  Mndl  PtmcutiU  ,  Compt,  rend«  ai,  1155  (t&u). 
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a  heliostat,  is  thrown  horizontally  into  a  darkened  room.  The 
rays  pass  in  the  following  order  :  the  vertical  slit  A  (Fig.  70), 
the  polarizer  B,  the  analyzer  C,  the  prism  D  placed  in  position 
of  minimum  deviation,  and  the  telescope  E  F  which  must  be 


D  u  B 

E  A 

F 

Fig   70 

provided  with  cross  hairs.     In  order  to  adjust  the  apparatus, 
the  principal  section  of  the  movable  analyzei  C  is  placed  paral- 
lel to  the  principal  section  of  the  polarizer  B,  the  slit  A  is  illu- 
minated with  sodium  light  and  the  ocular  F  of  the  telescope  is 
focused  sharply  on  the  image  of  the  slit  A  formed  by  the 
achromatic  objective  E.     On  removing  the  sodium  light  and 
admitting  sunlight,  a  pure  spectrum  with  the  Fraunhofer  lines 
is  seen  with  the  ocular  F     In  order  to  bring  any  desired  part 
of  the  spectrum  into  the  center  of  the  field  of  view,   the  tele- 
scope must  be  movable  horizontally  around  a  fixed  axis  pass- 
ing through  the  center  of  the  prism      First,  the  analyzer  C  is 
placed  in  the  position  of  greatest  darkness,  without  an  active 
substance  following  ,  this  is  the  zero  point.     Then  when  the 
active  body  is  placed  between  C  and  B,  the  spectrum  with 
the  Fraunhofer  lines  appears  again  in  the  telescope      If  now 
the  analyzer  C  is  turned,  a  position  is  found  at  which  a  ver- 
tical dark  band  appears  in  the  field  of  view  and,  with  further 
rotation  of  C,  moves  across  it ,  an  essential  condition  for  this, 
however,  is  that  the  rotation  dispersion  of  the  substance  must 
be  rather  large  as  compared  with  the  dispersion  of  the  prism. 
The  phenomenon  of  the  dark  bands  depends  on  the  fact,  that 
in  the  rotation  of  the  analyzer  those  rays  are  extinguished, 
one  after  the  other,  whose  planes  of  polarization  coincide  with 
the  principal  section  of  the  analyzer.     If  the  cross  hairs  of  the 
telescope  are  focused  on  one  of  the  Fraurmofer  lines  at  the 
start,  and  then,  by  movement  of  the  analyzer,  the  dark  band 
is  brought  to  center  with  the  cross  hairs,  the  rotation  read  off 
on  the  circle  shows  the  amount  of  rotation  for  the  line  in 
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question.  In  this  manner  the  rotation  for  each  one  of  the 
Fraunhofer  lines  may  be  found.  In  place  of  cross  hairs,  it  is 
preferable  to  employ  parallel  fibers.  The  dark  band  is 
narrower  and  sharper,  the  larger  the  angle  of  rotation,  and 
consequently,  the  rotation  dispersion.  The  Fraunhofer  lines 
and  the  corresponding  wave-lengths  are  given  in  the  table 
below 


Fiaunhofer  lines 

Wave-lengths 
m  pp. 

Fraunhofer  lines 

Wave-lengths 
in  pp 

A 

7594 

b 

517.5 

a 

7186 

F 

486.1 

B 

686.7 

G 

4308 

C 

6563 

h 

410  2        ' 

D 

5893 

H 

396.9 

E 

5270 

Soret  and  Sarasin1  in  their  determination  of  the  rotation  dis- 
persion of  quartz  have  avoided  the  rather  inaccurate  zero-point 
adjustment  in  this  manner  that  they  placed  a  negative  quartz- 
plate,  for  example,  in  position  first  and  brought  the  dark  band 
into  coincidence  with  a  line  of  the  spectrum  ,  then,  after  re- 
moving this  plate,  a  positive  one  was  substituted  and  by  move- 
ment of  the  analyzer  the  dark  band  was  again  brought  into 
coincidence  with  the  same  line  of  the  spectrum.  From  the 
rotation  of  the  analyzer  there  is  found,  therefore,  for  the  line 
in  question,  an  angle  which  corresponds  to  that  of  a  positive 
or  negative  quartz-plate,  the  thickness  of  which  is  equal  to  the 
combined  thicknesses  of  the  positive  and  negative  plates  used. 

Through  several  improvements,  lyippich1  has  made  the  Broch 
method  a  tolerably  accurate  one,  but  for  the  details,  his 
original  paper  must  be  consulted 

Finally,  by  use  of  a  quartz  double  plate  of  variable  thick- 
ness, G.  Wiedemann'1  has  essentially  improved  the  Broch 
method.  The  double  plate  consists  of  two  quartz  wedges 
whose  principal  surfaces  are  ground  vertically  to  the  optical 
axis,  and  each  one  of  which  consists  of  an  upper  right-rotating 

i  Soiet  and  Sarasin  :  Corapt  rend  ,  95,  635  (1882)  Their  method  has  been  given 
above  bv  the  author  in  more  practical  form 

a  lyippich  :  Wiener  Sitzungsber  II,  85,  307  (1882) 

3  G.  Wiedeuiaun  .  I,ehre  von  der  Elektricitat,  3,  914  (1883) 
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and  a  lower  left-rotating  half.    By  aid  of  a  micrometer  screw 
one  of  these  wedges  may  be  moved  in  front  of  the  other.    The 
vertical  slit  A  (Fig  70)  is  brought  between  B  and  C,  and  at 
a  slight  distance  from  B,   and  then  between  A  and  B,  and 
immediately  behind  the  slit,  the  double  plate  is  so  placed  that 
its  junction  edges  he  horizontally.     The  double  plate  must 
stand  vertically  to  the  direction  of  the  light  rays,  so  that  they 
will  pass  through  in  the  direction  of  the  axis     Using  sunlight, 
the  spectrum  with  the  Fraunhofer  lines  is  found  as  before  in 
the  telescope,  these  lines  being  broken  into  upper  and  lower 
halves  by  the  horizontal  juncture  surface  of  the  double  plate. 
As  the  plane  of  polarization  of  each  color  is  turned  to  the  right 
by  the  upper  plate,  and  through  the  same  angle  to  the  left  by 
the  lower  plate,  it  follows  that  for  any  position  of  the  analyzer 
the  spectrum  does  not  show  the  same  colors  above  and  below, 
but  at  any  given  time  those  are  extinguished  for  which,  above 
and  below,  the  angles  of  rotation  differ  by  some  multiple  of 
1 80°.     If  then,  the  same  color  is  to  be  extinguished  above 
and  below,  the  rotation  for  this  color  must  be  a  multiple  of 
90° ;  in  this  case,  the  polarizer  and  analyzer  must  stand  in 
crossed  or  parallel  position .     Just  which  color  is  extinguished 
depends  on  the  thickness  of  the  quartz  double  plate  ;  if  this 
thickness  may  be  varied  within  sufficiently  wide  limits,  it  will 
be  possible  to  follow  the  bands  shut  out  from  one  end  of  the 
spectrum  to  the  other  and  to  bring  them  to  coincide  with  any 
Fraunhofer  lines  desired.     The  determination  of  an  angle  of 
rotation  for  a  Fraunhofer  line  is  then  made  as  follows  •  The 
line  in  question  is  brought   between  the  parallel  threads,  the 
analyzer  is  then  turned  until  at  some  point  of  the  spectrum 
the  two  dark  bands  stand  with  one  exactly  above  the  other, 
and  the  movable  wedge  is  then  shoved  until  the  dark  band 
lies  between  the  parallel  threads  ;  this  gives  the  zero-point 
position  of  the  analyzer.     If  the  active  substance  is  now  placed 
between  the  analyzer  and  the  slit,  the  bands  no  longer  stand 
one  above  the  other,  but  to  secure  this  the  analyzer  must  be 
turned  through  the  same  angle  by  which  the  line  chosen  is 
rotated  by  the  active  body.     It  is  assumed  that  the  tempera- 
ture of  the  double  plate  does  not  appreciably  change  during 
the  measurements.     The  spectropolarimeter  constructed  much 
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later  by  v.  Fleischl1  is  nothing  but  a  bad  copy  of  the  Wiede- 
mann  apparatus,  the  variable  double  plate  of  which  is  replaced 
by  a  simple  quartz  double  plate  of  constant  thickness,  with 
which  the  rotation  for  a  single  definite  color  only  may  be 
measured. 

155.  The  Method  of  v.  Lang. — The  mam  drawback  in  the 
Broch  method  is  that  it  depends  on  the  not  always  available 
sunlight.  But  v.  Lang  has  shown2  that  the  Broch  procedure 
may  be  easily  so  changed  that  instead  of  sunlight  with  the 
Fraunhofer  lines  ordinary  white  light  with  artificial  spectral 
lines  may  be  employed.  The  arrangement  of  the  apparatus  is 
preferably  that  shown  in  the  illustration  (Fig.  71)  By  aid  of 
the  lens  B,  a  sharp  image  of  the  source  of  white  light  A  is  thrown 
on  the  slit  C.  The  light  passing  the  slit  is  led  first  through 
a  simple  Mitscherlich  polariscope  consisting  of  the  illumination 
lens  D,  the  polarizer  E,  and  the  analyzer  F,  which  may  be 
rotated,  and  then  through  an  ordinary  spectroscope  G  to  I,.  The 

o  j  o  i 

B    D  I      B     A. 
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Fig    71 

focal  distance  of  the  illumination  lens  D  is  equal  to  half  the 
distance  between  D  and  G,  and  the  slit  C  is  so  placed  that  a 
sharp  image  of  it  may  be  formed  by  D  at  the  objective  slit  G 
of  the  spectroscope  G  is  situated  in  the  focus  of  the  achro- 
matic lens  H,  and  the  prism  J  in  the  position  of  minimum 
deviation  The  spectrum  produced  in  the  achromatic  telescope 
K  is  seen  at  the  ocular  L,  along  with  two  parallel  vertical  lines 
or  fibers.  The  telescope  K  L,  is  movable  horizontally  The 
adjustment  of  the  spectroscope  is  accomplished  in  the  usual 
well  known  manner.  The  following  operations  are  necessary 
to  determine  the  angle  of  rotation  of  a  substance  for  a  given 
.spectrum  line-  i.  The  zero  point  is  found  by  turning  the 
analyzer  F  to  the  position  of  greatest  darkness  2.  The  white 

1  v,  Fleischl  ."Report   d.  Bxper.-Phys,,  ati,  3*3  (1885) ,  Wied.  Ann   Beibl ,  9,  634 
(1885) 

2  v.Iyang    Pogg.  Ann.,  156,  422  (i8?s) 
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light  is  shut  off  and  between  B  and  C,  and  near  the  slit  the 
apparatus  is  placed  which  furnishes  the  lines  of  the  homo- 
geneous light  in  question,  and  the  analyzer  F  is  so  turned  as  to 
transmit  the  largest  possible  amount  of  light.  A  continuous 
spectrum  is  no  longer  seen  in  the  telescope,  but  only  the  sharp 
and  bright  spectrum  lines.  The  telescope  is  then  turned 
horizontally  until  the  desired  bright  line  comes  between  the 
parallel  hairs  The  source  of  homogeneous  light  is  then  re- 
moved, the  strong  white  light  A  admitted,  the  active  substance 
placed  in  position  and  the  analyzer  F  turned  until  a  black  baud 
appears  in  the  telescope.  By  further  turning  the  analyzer, 
this  band  is  brought  exactly  between  the  parallel  hairs,  and 
the  analyzer  graduation  is  then  read  off.  By  again  admitting 
the  line  of  the  homogeneous  light  it  may  be  determined 
whether  or  not  the  position  of  the  telescope  has  suffered  any 
change.  If  it  is  desired  to  work  with  the  Wiedemann  double 
quartz  plate  of  variable  thickness,  described  in  the  preceding 
paragraph,  F  must  be  placed  between  Gand  H,  and  the  double 
plate  directly  in  front  of  G  and  turned  toward  the  polarizer  E 
In  regard  to  making  the  determinations  of  rotation  the  direc- 
tions of  the  last  paragraph  obtain 

In  the  production  of  the  spectrum  lines  various  sources  of 
homogeneous  light  may  be  used  Salts  of  metals  may  be  in- 
troduced into  the  Bunsen  flame  by  a  platinum  loop,  and  in 
particular  the  chlorides  or  carbonates  of  sodium,  lithium,  thal- 
lium, potassium,  and  strontium.  The  light  of  a  Geissler  hy- 
drogen tube  may  be  employed  also  If  a  little  mercury  or 
some  bits  of  cadmium  are  introduced  into  a  Geissler  tube,  the 
light  emitted  on  warming  these  metals  may  be  used.  In  the 
following  table  all  these  artificial  lines  are  given  with  their 
wave-lengths,  and  as  seen,  they  are  sufficient  for  the  deter- 
mination of  the  rotation  dispersion  of  a  substance. 
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Color  of  the  lines 

Source  of  light 

Wave-lengths  in  /I/A 

Ka 

768,0 

Red 

Li  « 

670.8 

Ha 

6563 

Cd 

643-8 

Na 

5893 

Yellow 

Hg 

579-0 

Hg 

5769 

Hg 

546.1 

Green 

Tl 
Cd  4 

535  i 
508.6 

H/3 

486.1 

Cd5 

4800 

Blue 

Cd  6 

467.8 

Sr  8 

4608 

Hg 

435-9 

H7 

4340 

Violet 

Hg 
K 

4078 
404  6 

156.  Lippich's  Method. — The  methods  of  Broch  and  v  I/ang 
give  more  accurate  results  the  larger  the  rotation  dispersion 
But  if  this  is  .small  the  dark  band  is  broad  and  not  sharp  on 
the  edges  so  that  the  adjustment  is  very  inaccurate  In  this 
case  it  is  better  to  employ  the  method  of  Lippich1  in  the  meas- 
urement of  rotation  dispersion  In  this  method  the  light  passes 
into  the  spectroscope  first  and  then  into  the  polarization  ap- 
paratus, which  should  be,  preferably,  the  sensitive  I^ippich 
half-shadow  instrument  with  double  or  triple  field.  The  ar- 
rangement of  the  parts  is  shown  m  Fig.  72.  By  aid  of  the 
lens  B  a  sharp  image  of  the  bright  white  light  A  is  thrown  on 
the  vertical  slit  C  of  the  spectrometer.  C  is  situated  at  the 
focus  of  the  achromatic  lens  D.  The  prism  E  is  placed  in  the 
position  of  minimum  deviation,  and  the  light  rays  passing 
through  it  are  thrown  as  a  bright  spectrum  on  the  slit  screen 
G,  by  means  of  the  achromatic  lens  F,  and  in  such  a  manner 

:  Wiener  Sitzungsber ,  II,  91,  1070  (1885). 
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i 

that  only  one  color  of  the  spectrum  may  pass  through  the  slit 
and  serve  for  the  illumination  of  the  polarization  apparatus. 
The  slit  G,  therefore,  represents  the  source  of  homogeneous 
light,  and  must  be  given  such  a  position  that  a  sharp  image  of 
the  slit  may  be  formed  by  the  illumination  lens  J,  of  the  polari- 


Fig  72 

zation  instrument,  on  the  analyzer  diaphragm.  In  order  to 
center  the  rays  more  completely  it  is  recommended  to  add  the 
lens  H,  immediately  in  front  of  G,  which  throws  an  image  of 
D  on  the  illumination  lens  J  ;  but  A  and  B  must  be  then  so 
centered  that  D  appears  uniformly  illuminated.  By  turning 
the  slit  tube  C  D  any  desired  part  of  the  spectrum  may  be 
thrown  into  the  polarization  apparatus,  but  A  and  B  must  be 
attached  in  fixed  position  with  reference  to  this  tube  ;  on  ac- 
count of  its  small  dimensions  and  slight  weight  the  Linnemann 
zircona  light  burner  (§142)  is  recommended  for  this  work 
If  one  employs  sunlight  a  small  movable  mirror  is  attached  in 
place  of  A,  by  aid  of  which,  with  the  different  positions  of  the 
slit  tube,  the  hehostat  light  may  be  thrown  directly  into  the 
tube  According  to  Lippich  the  direct  vision  spectrometer  of 
Hilger,  in  London,  with  the  Christie  half -prism1  is  also  very 
satisfactory,  as  with  this  the  simple  turning  of  the  prism  is 
sufficient  to  bring  any  desired  part  of  the  spectrum  to  the  slit 
G.  The  whole  spectroscope,  C  to  G,  must  first  be  graduated 
according  to  wave-lengths,  in  order  to  be  able  to  give  directly, 
for  any  position  of  C  D,  the  mean  wave-length  of  the  light 
passing  the  slit  G.  For  this  purpose  the  slit  C  is  illuminated 

1  Proc  Roy  Soc  ,  a6,  8  (1878) ,  Pogg  Ann  Beibt ,  i,  556  (1877). 
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with  the  several  homogeneous  lights  described  in  the  last  para- 
graph, one  after  the  other,  and  the  tube  C  D  is  turned  so  that 
the  image  of  the  illuminated  slit  C  coincides  exactly  with  G, 
which  may  be  easily  verified  by  aid  of  a  reading  glass  The 
different  positions  of  the  tube  C  D  are  read  off  on  the  gradu- 
ated circle,  and  are  tabulated  along  with  the  corresponding 
wave-lengths  of  the  homogeneous  light.  In  this  way  a  large 
number  of  definite  positions  of  the  tube  C  D  are  determined 
for  which  accurately  characterized  homogeneous  colors  pass 
through  the  slit  G,  and  the  angles  of  rotation  of  these  may 
then  be  measured  with  the  polarimeter  in  the  usual  manner. 
In  the  graduation  of  the  spectrum  apparatus  the  Fraunhofer 
lines  of  sunlight  may  of  course  be  used  The  greater  the  dis- 
persion the  smaller  must  be  the  slits  C  and  G,  in  order  that 
the  light  emerging  from  G  may  have  the  necessary  homogene- 
ity. If,  finally,  the  rotation  dispersion  is  very  large,  the  I^ip- 
pich  method  is  then  no  longer  applicable,  since,  in  this  case,  a 
slit  so  narrow  would  be  required  that  the  necessary  brightness 
of  the  field  could  not  be  secured  ;  it  is  then  better  to  apply  the 
procedure  of  Broch  or  v  'Lang 

Agreeing  in  principle  with  the  lyippich  method  is  that  of 
Seyffart,1  patented  in  1886,  for  the  determination  of  rotation 
dispersion  But  as  the  latter  is  very  complicated  as  regards 
the  optical  as  well  as  the  mechanical  construction,  without,  at 
the  same  time,  reaching  the  accuracy  of  the  Lippich  method, 
it  need  not  be  discussed  here  at  length.  The  spectrobacchanm- 
eter  introduced  recently  by  Glan2  resembles  also  the  L,ippich 
apparatus  in  principle,  but  is  much  inferior  to  it  as  regards 
convenience  or  accuracy  in  manipulation 

1^7.  Lommel's  Method. — Lommela  has  so  modified  the  Broch 
method  by  addition  of  a  quartz  wedge  that  the  final  reading  is 
made,  as  in  the  case  of  the  Wild  polanstrobometer  (§103),  on 
the  disappearance  of  interference  bands  Sunlight  is  polarized 
by  the  prism  A  (Fig.  73),  whose  principal  section  makes  an 
angle  of  45°  with  the  horizontal  plane,  and  then  reaches  the 
vertical  slit  D.  Just  in  front  of  this  slit  is  a  quartz  wedge  C, 

i  Seyffart  Wied  Ann.,  41,  113  (1890). 
s  Glair  Ibid,,  43,  441  (1891) 
*  Ivommel  •  Ibid.,  36,  731  (1889) 
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with  an  angle  of  7°  or  8°,  whose  edge,  parallel  to  the  optical 
axis,  is  vertical  with  reference  to  the  slit,  and  immediately  fol- 
lowing the  latter  is  the  analyzer  E,  the  principal  section  of 
which  either  crosses  or  stands  parallel  with  the  principal 
section  of  the  polarizer  and,  therefore,  makes  an  angle  of  45° 
with  the  horizontal  plane.  The  refractive  action  of  the  wedge 
is  corrected  by  that  of  a  glass  wedge,  B,  placed  in  reversed 
position  The  light  leaving  the  analyzer  is  decomposed  by 
the  prism  F,  which  is  placed  in  the  position  of  minimum 


73 

deviation,  and  is  then  collected  by  the  achromatic  lens  G  to 
form  a  spectrum  that  may  be  observed  by  the  ocular  H.  As 
readily  ,  understood,  this  spectrum  is  filled  with  numerous 
dark,  somewhat  curved,  interference  bands  which  stand  inclined 
with  reference  to  the  Fraunhofer  lines,  and  it  is  also  shaded 
by  fine  dark  slanting  lines.  If  the  polarizer  A  is  turned 
through  45  °,  the  shading  disappears  through  the  whole  spec- 
trum (the  zero-point).  If  now  an  active  body  is  placed  be- 
tween A  and  B  the  bands  appear  again  If,  next,  the  polar- 
izer be  rotated,  a  position  is  found  at  which  a  vertical  bright 
band,  free  from  shade,  enters  the  field  of  view  and  with 
further  turning  travels  through  the  spectrum.  By  bringing 
this  bright  band  to  coincide  with  the  various  Fraunhofer  lines, 
one  after  the  other,  so  that  each  line  bisects  the  band  exactly, 
and  the  corresponding  angle  is  then  read  off  on  the  graduated 
circle  of  the  polarizer,  the  angle  of  rotation  of  the  particular 
Fraunhofer  line  is  obtained  The  pommel  method  may,  of 
course,  be  so  arranged  that,  as  in  v.  Lang's  method,  artificial 
sources  of  light  may  be  used. 

Reference  only  can  be  made  here  to  lyommel's  interesting 
determination  of  the  rotation  dispersion  of  quartz  >by  aid  of 
the  interference  phenomena  on  a  quartz  prism.1 

i  Wied  Ann  ,  36,  733  (1889). 
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158.  Landolt's  Method  with  Use  of  Ray  Filters — While  the 
methods  thus  far  described  for  the  measurement  of  rotation 
dispersion,  necessitate  the  use  of  apparatus  which  is  compli- 
cated for  the  chemist  if  not  for  the  physicist,  since  the  com- 
bination of  a  spectrometer  with  a  polanmeter  is  always  called 
for,  that  of  I/andolt1  with  ray  filters  requires  the  use  of  a 
polarinieter  only.  It  may  always  be  recommended,  therefore, 
because  of  its  convenience  where  the  greatest  accuracy  is  not 
required,  and  where  the  angles  of  rotation  remain  below  100°. 
In  the  lyandolt  method,  ordinary  white  light  is  used,  and  by 
aid  of  proper  absorbing  media  all  colors  are  removed,  within 
rather  narrow  limits,  except  the  one  desired,  which  depends, 
of  course,  on  the  nature  of  the  absorbing  substance  employed 
If  now,  rotation  measurements  are  made  with  these  rather 
homogeneous  colors,  the  rotations  found  must  correspond, 
according  to  §147,  with  some  definite  optical  center  of  gravity, 
which  depends  simply  and  alone  on  the  relative  distribution  of 
brightness  in  the  spectrum  of  the  color  in  question,  assuming 
that  the  rotations  are  measured  by  a  L,ippich  instrument,  and 
that  the  active  substance  absorbs  all  wave-lengths  of  this  color 
uniformly  Therefore ,  since  the  optical  center  of  gravity  is 
determined  by  the  source  of  white  light,  and  the  absorbing  media, 
and  changes  with  both,  the  directions  given  by  Landolt  for  pre- 
paring the  ray  filters  must  be  followed  with  the  greatest  exactness 
if  the  measurements  of  different  observers  are  expected  to  be  com- 
parable with  each  other  If  modifications  are  adopted,  the  new 
optical  center  must  certainly  be  defined  and  measured  The 
Welsbach  lamp  serves  as  a  source  of  white  light  for  these  ray 
filters,  and  as  absorbing  media  solutions  of  only  such  sub- 
stances are  employed  as  are  found  in  commerce  in  sufficiently 
pure  condition.  The  solutions  are  filled  into  cylindrical  glass 
cells  of  about  4  cm.  diameter  which  consist  of  rings  with  plane 
glass  plates  cemented  to  them.  One  style  of  cell  contains  two 
compartments,  each  having  an  internal  thickness  of  20  mm., 
while  another' style  has  three  divisions  of  20,  15,  and  15  mm 
thickness  Each  compartment  is  supplied  with  an  opening, 
which  may  be  closed  with  a  glass  stopper,  and  which  permits 

i  I,andolt    Sitzungsber  d   Akad.,  Berlin,  1894,  p    923  •  Ber  d   chem.  Ges.,  37, 
2872  (1894). 
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the  filling  with  the  solutions.  The  cells  may  be  shoved  ii 
a  metallic  framework  having  square  plates  on  the  corners 
prevent  rolling  These  ray  filters1  are  always  to  be  placed  1 
tween  the  source  of  light  and  the  illumination  lens  of  the  api 
ratus,  and  the  zero  point  must  always  be  found  after  they  £ 
placed  in  position.  It  should  be  determined  anew  for  ea 
ray  filter,  even  when  the  half-shadow  of  the  instrument  t 
not  been  changed  (see  §106).  The  five  filters  permit  re 
yellow,  green,  light  blue  and  dark  blue  to  pass. 

Red  — In  the  production  of  this  color,  the  hydrochlonde 
hexamethylpararosanilme  is  used,  which  comes  into  commei 
under  the  name  of  crystal  violet  5  B  O,  and  the  anhydrous  ca 
tharides  green  crystals  must  be  selected  If  0.05  gram  of  tl 
be  dissolved  first  in  a  little  alcohol  and  then  diluted  with  wal 
to  one  liter,  this  solution  filled  into  a  cell  20  mm.  deep  give* 
spectrum  which  consists  of  a  red  band  and  a  broad  blue  vio 
part.  The  latter  may  be  completely  absorbed  by  adding  a  la> 
of  yellow  potassium  chromate  solution  20  mm.  thick,  and  co 
taining  10  grams  in  100  cc  The  red  band  now  remaini 
begins  with  the  wave-length  about  718  fJ-fJ,  and  ends  sharj 
at  639  w  The  half-shadow  of  the  instrument  may  be 
small  as  about  3°. 

Yellow  — A  solution  of  30  grams  of  crystallized  nickel  si 
phate  in  100  cc.,  in  a  layer  of  20  mm  thickness,  absorbs  on 
the  red  rays  and  permits  all  others  to  pass  If  a  cell  15  mi 
deep  is  added,  containing  potassium  monochromate  solutu 
with  10  grams  in  100  cc.,  the  blue  and  violet  are  taken  01 
leaving  only  orange-yellow  and  green  The  last  of  these  cole 
may  be  absorbed  by  means  of  a  potassium  permanganate  sol 
tion  containing  0.025  gram  in  100  cc.,  and  used  in  a  15  mi 
layer.  The  spectrum  is  now  reduced  to  a  narrow  orang 
yellow  band  which  still  shows  a  little  red  light  and  embrac 
the  wave-lengths  from  614  w  to  574  juyw.  As  the  thr 
absorption  solutions  weaken  the  light  materially,  it  is  nece 
sary  to  employ  a  half -shadow  of  8°  to  10°. 

Green. — For  this,  a  combination  of  potassium  monochroma 
with  cupric  chloride  is  used.     A  solution  of   60  grams 
CuCl2  +  2HjO  to  100  cc  in  a  20  mm.  layer  allows,  practicall 

1  Obtainable  from  Schmidt  and  Haensci,  Berlin 
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only  green  and  blue  rays  to  pass.  The  last  may  be  absorbed 
by  "a  20  mm.  layer  of  a  potassium  monochromate  solution  con- 
taining 10  grams  in  100  cc.,  and  there  remains  then  a  broad 
green  band  on  the  edge  of  which  there  is  still  a  little  blue. 
This  band  embraces  the  wave-lengths  from  540^  to  505/^/1. 
The  half-shadow  must  amount  to  3°  or  more. 

Light  Blue  — In  the  production  of  this  color  there  is  used 
the  compound  known  in  commerce  as  double  green  S  F,  which 
is  a  combination  of  chlormethylhexamethylpararosaniline  hy- 
drochloride  with  zinc  chloride,  and  which  appears  as  a  glit- 
tering bronze-colored  powder.  An  aqueous  solution  of  o  02 
gram  of  the  color  to  100  cc  gives  in  a  20  mm.  layer  a  spec- 
trum consisting  of  a  narrow  red  band  with  a  broad  green 
and  a  light  blue  part ,  the  dark  blue  is  absorbed  With  a  blue 
vitriol  solution  containing  15  grams  in  100  cc.  in  a  20  mm 
layer,  the  red  band  may  be  absorbed,  but  it  is  not  possible  to 
so  remove  the  green  light  that  light  blue  of  sufficient  intensity 
alone  remains  The  light  left  is,  therefore,  a  combination  of 
green  rays  of  wave-lengths  526^^  to  about  494^,  and  of 
light  blue  rays  from  494^^  to  458^.  As  a  result,  no  uniform 
color  is  found  m  the  field  of  view  of  the  polarization  instru- 
ment, but  the  change  of  shade  or  turning  the  analyzer  to  and 
fro  may  still  be  followed.  The  half-shadow  may  be  reduced 
to  about  3° 

Dark  Blue  — This  color  is  obtained  by  a  combination  of 
solutions  of  crystal  violet  5  B  0,  with  o  005  gram  in  100  cc. 
and  blue  vitriol  with  15  grams  in  100  cc.,  both  used  in  cells  20 
mm.  deep.  The  last  solution  absorbs  the  red  rays  whichthe 
aniline  color  passes  and  there  remains  only  dark  blue  light  of 
wave-lengths  478  to  410^.  Because  of  the  low  intensity  of 
the  light,  a  half -shadow  of  about  8°  must  be  taken. 

The  absorption  solutions,  with  the  exception  of  the  per- 
manganate, are  permanent,  but  it  is  advisable  to  keep  the 
supply  of  the  aniline  colors  in  the  dark,  and  to  renew  the  fill- 
ing in  the  cells  holding  them  from  time  to  time.  But  the  per- 
manganate solution  must  be  freshly  prepared,  since  it  easily 
suffers  decomposition. 

As  the  rotation  dispersion  of  quartz  is,  pretty  accurately 
known,  the  optical  centers  of  gravity  of  the  five  colors  from 
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the  ray  filters  may  be  found  by  the  aid  of  quartz  plates, 
according  to  §  148.  I,andolt  has  done  this  and  has  found  that 
the  five  optical  centers  are  near  the  Fraunhofer  lines,  C,  D,  E, 
F,  and  G.  The  following  table  shows  the  exact  values  • 


Color  filter. 

Optical  center  of 
gravity  in  up 

Fratinhofer's  lines 

Wave-lengths  in  pp. 

Red  =  rd 
Yellow  =yl 
Green  ~gr 
Light  blue  =  Ib 
Dark  blue  =  db 

665,9 

591-9 
5330 
488.5 
4482 

C 
D 
E 
F 
G 

656.3 
589.3 
5270 
486  I 
430-8 

These  relations  then  obtain  for  the  rotations  a  with  quartz 
pates:  1,032  an,  =  ntc 


i.oio  ayl  =  aD 
1.026  ct    •=.  aE 


i.  oi  i  a 


l6 


ex. 


i  091  aab  —  CXG 

By  aid  of  these  equations  it  is,  therefore,  possible  to  reduce 
rotations  found  by  the  ray  filter  method  to  those  which  obtain 
for  the  corresponding  Fraunhofer  lines,  and  this  may  always 
be  done  if  the  active  substance  has  abouj  the  same  rotation 
dispersion  as  quartz. 

The  following  table  contains  the  data  showing  the  prepara- 
tion of  the  filter  solutions,  along  with  their  optical  centers  of 
gravity  and  the  corresponding  rotations  for  i  mm.  of  quartz  at 
20°  C. 


Color 

•-i 

Aqueous  solutions  of 

«H   U 

S"&S  8  g 

||; 

I^ 

Red 

20 
20 

Crystal  violet  5  B  O 
Potassium  monochromate 

0.005 

10 

6659 

1678° 

Yellow 

2O 

15 

15 

tfickel  sulphate,  NiSO4  +  7  aq 
Potassium  monochromate 
Potassium  permanganate 

30 

10 

0025 

591.9 

21.49° 

Green 

20 

20 

Copper  chloride,  CuCl2  4-  2  a<l 
Potassium  monochromate 

60 

10 

5330 

26.85° 

Light  blue 

2O 

20 

Double  green  S  F 
Copper  sulphate,  CuSO4  +  5  aq 

O.02 

IS 

4885 

32.39° 

Dark  blue 

20 
20 

Crystal  violet  5  B  O 
Copper  sulphate,  CuSO4  4-  5  aq 

0005 
15 

448.2 

39°5° 
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159.  TheArons-Lummer  Mercury  Lamp. — The  simplest  method  of 
determining  rotation  dispersion  would  be  by  aid  of  the  I4ppich 
half -shadow  apparatus,  if  one  had  the  means  of  producing  a 
sufficiently  large  number  of  homogeneous  lights  of  different 
wave-lengths.  In  §155  we  have  referred  to  a  number  of 
sources  of  homogeneous  light  besides  sodium  light,  but  they 
all  have  this  disadvantage  that  their  luminosity  is  too  slight  to 
make  accurate  observations  possible.  But,  as  a  matter  of  fact, 
since  there  is  need  of  homogeneous  lights  of  great  intensity  for 
polarirnetric  work  it  may,  be  safely  assumed' that  before  long 
this  want  will  certainly  be  supplied  This  end  might  be 
reached,  for  example,  just  as  du  Bois  produced  an  intense  so- 
dium light  (§146),  by  forming  similar  pencils  of  salts  of  other 
metals  as  lithium,  thallium,  potassium,  strontium,  etc  It 
would  be  a  great  advance  to 
secure  a  sufficiently  bright 
cadmium  light,  since  accord- 
ing to  Michelson1  the  four] 
lines  found  111  the  red,  green, 
and  blue  portions  of  the  spec- 
trum (643  8,  508  6,  480.0, 
467  8  /-t/0  have  an  extremely 
constant  optical  center  of 
gravity.  At  the  present  time 
we  have,  in  addition  to  the 
sodium  light,  only  one  other  K>g  74 

source  of  homogeneous  light  of  great  intensity,  and  this  is  the 
Arons  mercury  light 

The  mercury  lamp  constructed  by  Arons2  and  improved  later 
by  lAiiiimer,8  is  shown  m  Fig.  74  *  The  cylindrical  tube  B, 
with  plane  ends  s,  is  connected  near  the  middle  with  the  two 
short  vertical  tubes  A  and  C,  which  are  closed  below  and 
furnished  with  platinum  wires  m  and  n,  fused  into  the  glass  , 
a  small  tube  is  fused  to  B  at  r.  The  tubes  ABC  are  cleaned 
and  dried,  A  and  C  are  filled  with  mercury,  r  is  drawn  out, 

1  T raveaux  et  mftnoirea  du  bureau  international  des  poids  et  mesures,  Tome,  XI, 
Pans  (189^)     Michelson,  Jour  de  Phys  ,  [3],  3,  5  (1894) 
8  Arons.  Wied.  Ann  ,  47,  767  (1892). 
<  lyummer  Ztschr  fiir  lustrum  ,  15,  294  (1895). 
4  Front  Muencke,  Berlin. 
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and  then,  after  exhaustion  of  B  by  a  mercury  pump,  is  sealed 
by  melting.  If  a  current  from  about  thirty  storage  cells  is  led 
through  m  and  n  into  A  and  B,  and  temporary  contact  is  made 
by  shaking  the  mercury,  the  arc  light  of  this  metal  is  produced 
which  continues  to  play  quietly  after  the  apparatus  is  brought 
to  rest  with  B  in  horizontal  position  The  whole  section  of  B 
is  filled  with  a  very  intense  grayish  white  light,  which,  diffused 
from  the  matted  walls  of  the  tube,  shines  freely  through  the 
end  surfaces  s,  and  is  the  brighter  the  stronger  the  current 
employed.  If  currents  up  to  10  amperes  are  used  the  glass  at 
the  contacts  m  and  n  must  be  protected  from  overheating. 
This  is  provided  for  by  the  little  vessels  D  and  B  melted  on  to 
the  lower  ends  of  A  and  C,  and  which  are  likewise  filled  with 
mercury,  so  that  the  platinum  wires  m  and  n  dip  into  this 
metal  on  each  side.  The  current  is  led  to  the  mercury  by  wires 
extending  through  the  little  tubes  fused  to  the  sides  of  D  and 
E.  As  the  tube  B  becomes  very  warm  at  the  point  where  the 
arc  is  formed,  if  the  current  is  at  all  strong,  and  may  be  broken 
through  this  heating  effect,  it  must  be  furnished  with  a  water- 
jacket  to  control  the  temperature  and  prevent  cracking,  which 
may  be  done,  as  shown  in  the  figure,  by  leading  water  in  at  p 
and  out  at  q.  •  The  two  ends  of  the  tube  B  project  beyond  the 
water-jacket,  m  order  that  the  mercury,  which  vaporizes  in 
large  quantity,  may  not  collect  on  the  surfaces  s,  but  on  the 
side  walls  of  B  ;  a  constant  variation  in  the  intensity  of  the 
light  is  thus  avoided  A  current  of  from  2  to  20  amperes  may 
be  sent  through  the  lamp  protected  in  this  way  by  flowing 
water  without  running  a  risk  of  breaking  it 

In  spite  of  the  appearance  of  continuity  m  the  light  arc  the 
discharge  is  a  discontinuous  one  This  accounts'  for  the  fact 
that  notwithstanding  the  low  tension  of  about  17  volts  at  the 
mercury  electrodes  an  electromotive  force  of  at  least  three 
times  this  is  required  to  produce  the  arc  The  arc  exhibits  a 
line  spectrum  of  extraordinary  strength  But  only  a  few  lines 
are  important  for  polarimetry.  The  line  546.1  jMjW,  in  the  yel- 
lowish green  is  remarkably  strong.  If  it  is  desired  to  illumi- 
nate the  polarization  apparatus  with  this  light,  it  must  of  course 
be  separated  from  light  of  all  other  wave-lengths  produced  at 
the  same  time,  which  may  be  best  accomplished  by  the  method 
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of  spectrum  purification  explained  in  §149.  Two  rather  bright 
lines  are  found  in  the  yellow  with  wave-lengths  579  o  and 
576  9  jujw  ;  as  these  lie  so  close  together  a  very  great  dispersion 
must  be  employed  if  they  are  to  be  actually  separated  and  used 
in  polarimetric  measurements.  But  there  is  really  no  need  of 
this,  as  in  the  immediate  neighborhood  of  these  lines  the  much 
•stronger  sodium  lines  are  found.  Finally  the  blue  line,  435.9 
//>w,  of  the  mercury  arc  light  may  be  used  ;  but  as  this  is  rather 
•dark  a  large  half-shadow  angle  must  be  taken  so  that  the 
measurements  made  are  not  very  accurate.  From  the  above 
it  is  seen  that  the  line  in  the  yellowish  green,  546.  i  up,  is  the 
only  one  applicable  in  polarimetry 

As  regards  the  constancy  of  the  optical  centers  of  gravity  of 
the  brighter  spectrum  lines  formed  by  the  mercury  lamp  one 
must  stand  in  a  skeptical  attitude  until  fuller  data  are  pub- 
lished concerning  them.  The  spectrum  of  this  light  is  made 
up  of  a  remarkably  large  number  of  lines  ,  Arons  has  deter- 
mined no  fewer  than  32  lines  between  623  and  404  W  It  is, 
therefore,  hardly  possible  in  polarimetric  measurements  to  so 
far  purify  the  four  brighter  lines  mentioned  above  that  light 
of  adjacent  lines  may  not  also  enter  the  apparatus  It  follows, 
therefore,  as  we  know  from  §147,  that  the  optical  centers  cor- 
responding to  measured  angles  of  rotation  can  scarcely  be 
stated  with  satisfactory  accuracy  Near  the  brightest  line 
found  in  the  yellowish  green,  546  i  w,  there  are  found,  for 
example,  six  other  lines  in  the  immediate  neighborhood,  and 
these  have  the  wave-lengths  548,  545,  543,  537,  536,  and  532 
MI  The  resulting  optical  center  must  vary,  therefore,  with 
the  degree  of  di&persion  employed  in  the  spectral  purification 
of  the  light.  Furthermore,  tins  center  may  change  with  the 
strength  of  current  sent  through  the  lamp,  as  it  can  hardly  be 
assumed  that  the  brightness  of  all  the  different  lines  increases 
in  the  same  proportion  (see  also  §150)  In  addition  to  this 
it  appears,  according  to  the  statements  of  Arons,  that  with 
longer  burning  of  the  lamp  the  whole  spectrum  from  about 
543  to  503  }*•}*  becomes  of  a  dull  green  color,  so  that  changes  of 
the  optical  center  with  time  are  not  impossible. 
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B.  CONSTRUCTION  OF  THE  POLARIZATION  TUBES  AND  THE 

MEASUREMENT  OF  THEIR  LENGTH. 

160.  Construction  of  the  Tubes  and  Method  of  Closing  Them  by  End 
Plates  of  Glass. — The  tubes  used  with  polarization  instruments 
should  always  be  made  of  glass.     If  m  special  investigations 
it  is  necessary  to  employ  metal  tubes,  these  should  have  a 
matted  gold  finish  inside  ;  but  they  have  this  drawback,  that 
changes  of  length  with  temperature  are  much  greater  than 
with  glass  tubes.     The  tubes  are  commonly  made  2  dm.  in 
length,  but  shorter  ones  down  to  i  dm   and  longer  ones  up  to 
i  meter  are  in  use      The  inner  diameter  varies  between  6  and 
12  mm  ,  and  the  thickness  of  the  walls  should  be  about  2  mm. 
As  shown  in  §pd,  the  polarization  tubes  should  have  an  internal 
diameter  about  3  mm.  greater  than  the  polarizer  and  analyzer 
diaphragms  of  the  instrument;  if  they  have  not,  the  latter  should 
unquestionably  be  decreased.    The  ends  of  the  tubes  are  care- 
fully ground  off  plane    and  care  must  be  taken  to  have  the 
two  polished  surfaces  parallel  to  each  other  and  vertical  to  the 
axis  of  the  tube.     The  angle  f 01  med  by  the  two  ground  sur- 
faces should  be  always  below  10'      For  tubes  not  more  than 
2  dm.  m  length  this  angle  may  be  measured  very  conveniently 
and  accurately  by  aid  of  the  Abbe  spectrometer.1    If  the  angle 
is  of  considerable  size,  it  may  be  recognized  in  the  following 
manner .  The  observation  tube,  filled  with  water,  is  closed 
with  plane  parallel  cover  glasses,  placed  in  the  polanscope  and 
brought  into  focus  with  the  telescope.     If  the  tube  is  now 
rotated  on  its  axis  the  field  of  view  changes  in  shade  if  this 
angle  is  large. 

The  tubes  are  closed  always  with  plane  parallel  glass  plates. 
To  accomplish  this,  each  end  of  ttie  tube  is  supplied  with  a 
brass  setting  on  which  a  cap  with  a  diaphragm  may  be 
screwed  and  this  serves  to  press  the  glass  plate  against  the 
end  of  the  tube  As  the  cover  glasses  should  lie  on  the  ends 
of  the  glass  tubes  only,  the  latter  should  project  a  trifle 
beyond  the  brass  setting  ,  the  wedge-angle  of  the  cover  glasses 
should  not  exceed  5' ;  the  exact  angle  may  be  measured  by  the 
Abbe  spectrometer  as  before  In  order  to  prevent  too  great  a 
pressure  on  the  cover  glasses  when  they  are  pressed  home  by 

1  See  KoWrausch    Frakhsche  Physik ,  1896,  p  178 
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the  screw  cap,  a  ring  of  rubber  or  soft  leather  is  placed  between 
the  glass  and  the  cap.  But,  notwithstanding  this,  the  cover 
glass  must  not  be  pressed  too  hard,  because  double  refraction  in 
the  glass  mayfolloiv  through  pressure,  and  this  will  destroy  the 
uniformity  of  the  field,  and  may  easily  give  rise  to  a  zero-point 
displacement  in  the  instrument,  amounting  to  several  minutes. 
As  furthermore,  without  application  of  pressure  and  on 
account  of  internal  strains  in  the  glass,  rotations  of  a  minute 
or  more  may  be  caused  by  the  cover  plates,  it  is  necessary  in 
all  accurate  work  to  give  very  particular  attention  to  the 
character  of  these  plates  ;  in  saccharimetery,  the  cover  glasses 
alone  may  lead  to  errors  of  several  tenths  of  a  Ventzke  degree. 
Errors  may  be  wholly  avoided  by  noting  first  the  reading  with 
the  empty  tube  and  cover  glasses  in  place,  and  then  of  the 
tube  filled  through  a  side  opening  with  the  liquid  to  be  investi- 
gated ;  by  subtracting  the  first  reading  with  its  proper  sign 
from  the  second,  the  correct  result  is  reached. 

To  exclude  the  possibility  of  making  the  cover  glasses 
optically  active  by  too  strong  pressure  on  the  screw  cap,  obser- 
vation tubes  with  the  Landolt  closing  device  are  now  very  fre- 
quently used.  With  this  the  glass  plates  are  not  pressed 
against  the  tube  by  the  motion  of  the  screw  cap,  but  by  means 
of  a  cap  held  down  by  a  spring 

In  the  investigation  of  beet-juices,  the  Pellet  tube1  for  con- 
tinuous polarization,  shown  111  section  in  Fig  75,  is  frequently 
used.  It  is  commonly 
made  of  metal,  is  closed  a. 
at  A  with  inside  screwy 
caps,  and  at  each  end  has  A 
a  side  tube  entering  near  'Ig  75 

the  glass  cover  plates  A  funnel  is  attached  to  one  of 
these  tubes  and  to  the  other  a  piece  of  rubber  tubing  with 
properly  bent  glass  tube,  so  that  the  solution  at  any  time  m 
the  polarization  tube  may  be  completely  forced  out  by  the 
pressure  of  fresh  liquid  poured  into  the  funnel.  In  this  way, 
a  great  many  polarizations  may  be  rapidly  carried  out  in  the 
same  tube,  one  after  the  other ;  but  the  actual  observation 

i  Pellet    Ztschi  fur  Rhbenzucker-Iud  ,  41,  338  (1891).    The  tubesmay  be  obtained 
from  Schmidt  and  Haensch 
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must  not  be  made  until  the  old  contents  of  the  tul>e  ore 
fully  expelled  by  the  new,  which  is  the  case  when  the  cloudy 
stnations,  noticed  at  first,  have  completely  disappeared. 

When  the  telescope  is  focused  after  putting  a  filled  obser- 
vation tube  in  the  instrument,  the  field  of  view  must  he 
sharply  and  uniformly  clear  throughout  its  whole  extent,  the 
outside  edge  and  the  dividing  lines  of  the  fields  as  well ;  only 
when  this  is  the  case  is  it  proper  to  begin  the  observation's.  If 
the  adjustment  does  not  remain  sharp  on  turning  the  tithe  it 
shows  either  that  the  solution  was  not  homogeneous  or  that 
the  tube  was  not  clean. 

If  qualitative  observations  only  are  to  be  made,  glass  troughs, 

as  shown  in  Fig.  76,  may  he 
recommended,1  The  cover, 
furnished  with  a  button, 
may  be  taken  off,  while  the 
lg<  7fi  other  parts  are  fastened  to- 

gether with  easily  fusible  glass.    These  troughs  may  he  placed 
in  the  gutter  h  (Fig  45)  of  the  I,ippich-I,aiidolt  apparatus. 

161.  Water-jacket  Tubes  and  Water-Heating  Apparatus.  -  Tubes 
furnished  with  instruments  do  not  ordinarily  have  a  wutei  - 
jacket ,  the  contained  liquid  is,  therefore,  exposed  to  the  pre- 
vailing air  temperature.  But  as  the  room  temperature  is  vari- 
able to  the  extent  of  at  least  d=  3°,  and  as  the  rotating  power 
of  most  substances  is  largely  modified  by  heat,  it  is  necessary 
in  all  accurate  measurements  to  control  the  temperature  of  the 
liquid  during  the  observations.  This  may  be  done  by  sur- 
rounding the  glass  tube  with  a  brass  jacket  3  to  5  em.  in  diam- 
eter and  allowing  a  current  of  water  to  flow  through  the  space 
between,  the  water  having  previously  been  brought  to  the  de- 
sired temperature  in  a  reservoir.  A  jacketed  tube  is  shown  in 
Fig.  77  2  The  tube  proper  consists  of  glass  and  to  the  middle 
of  it  is  fused  the  thermometer  tubulure  A,  which  at  the  same 
time  may  be  used  in  filling  the  observation  tube,  The  brass 
jacket  for  the  water  circulation  has  two  projecting  tubes,  B  and 
C,  which  serve  for  the  inflow  and  outflow  of  the  water.  After 
pouring  in  the  solution  the  tubulure  A  is  closed  with  a  ground 

1  Prom  I,eybold,  in  Cologne 

s  From  Schmidt  and  Haensch,  Berlin 
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glass  stopper  D,  through  the  larger  central  opening  in  which 
a  thermometer  K  is  introduced.  This  thermometer  has  a  wide 
part  near  the  bottom  which  is  ground  to  fit  the  opening  air- 
tight The  mercury  reservoir  of  the  thermometer  is,  there- 


77 


fore,  immersed  in  the  liquid,  and  it  must  project  so  far  into 
the  latter  that  its  lower  end  is  just  visible  in  looking  through 
the  observation  tube  The  glass  stopper  D  has  a  second  open- 
ing at  one  side,  into  which  a  fine  glass  tube  is  cemented,  and 
to  this  a  bit  of  rubber  tubing,  F,  may  be  attached  A  part  of 
the  air  in  A,  above  the  liquid,  escapes  through  this  when  the 
thermometer  is  inserted  ;  more  may  then  be  sucked  out  and  F 
closed  by  a  clamp.  The  thermometer  E  is  graduated  in  tenths, 
and  of  course  its  accuracy  must  be  determined  before  the  ob- 
servations. It  is  safest  to  have  the  thermometer  tested  by  the 
Physikalisch-Technischen  Reichsanstalt  at  Charlottenburg, 
and  corrected  say  from  5°-5°. 

A  water-heating  apparatus,  in  winch  the  water  to  flow 
through  the  jacket  of  the  observation  tube  is  brought  to  the 
right  temperature,  is  shown  in  Fig  78.  l  It  is  made  of  sheet 
zinc,  but  has  a  copper  bottom,  and  to  prevent  cooling  or  warm- 
ing by  the  air  is  covered  above  and  on  the  sides  with  flannel 
The  removable  cover  is  furnished  with  two  small  openings. 

l  From  Rohrbeck,  Berlin 
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Through  one  of  these,  A, 
the  reservoir  may  be  filled 
with  water,  while  the  rod 
of  the  stirrer works  through 
the  other.  This  latter  con- 
sists of  a  perforated  disk  fill- 
ing the  whole  section  of  the 
reservoir,  with  a  piece  cut 
out  at  the  right  point  to 
avoid  striking  the  ends  of 
the  thermometers  C,  bent 
at  right  angles ,  the  rota- 
tion of  the  stirrer  is  pre- 
vented by  two  vertical 
guides  placed  on  the  inner 
walls  of  the  reservoir.  D 
is  a  glass  tube  to  show  the 
level  of  the  water,  and  E 
the  exit  tube,  with  a  stop- 
cock, which  may  be  con- 
nected with  the  water-jacket 
of  the  polarization  tube  by 
means  of  rubber.  A  second 
large  opening,  not  shown  in 
the  figure,  and  likewise  fur- 
nished with  a  stop-cock, 
serves,  when  necessary,  for 
the  rapid  discharge  of  the 
water  The  reservoir  which 
is  supported  on  an  iron  stand 
may  be  warmed  by  means  of  a  Bunsen  burner  or  by  a  warm 
coil.  Before  beginning  an  observation,  water  is  allowed  to  flow 
about  fifteen  minutes  through  the  water-jacket  and  continued 
during  the  readings.  The  temperature  t,  which  is  the  mean 
of  all  the  readings  of  the  thermometer  in  the  polarization  tube 
during  an  observation,  is  then  that  temperature  to  which  all 
other  factors  must  be  reduced,  as  will  be  seen  by  the  following 
paragraph. 


Fig  78 


SCHMIDT  AND   HAENSCH   CONTROL  TUBE  44! 

162.  Calculation  of  the  Specific  Rotation,  with  Consideration  of  the 
Effect  of  Temperature. — If  a  is  the  angle  of  rotation  of  the;  solu- 
tion of  an  active  substance,  /  the  length  of  the  observation 
tube,  p  the  percentage  strength,  and  d  the  specific  gravity, 

then,  according  to  §2,    the  specific  rotation  is   \ot\  =  7-— j. 

lp  a 

We  shall  write  this  equation  in  the  shorter  form  \_a\  = 
/  (a,  l,p,  d~),  that  is,  [<*]  is  a  function  of  «,  /,  p,  and  d.  With 
the  exception  of  pt  the  quantities  «,  /,  and  d  are  variable  with 
the  temperature  t,  so  that  [or]  also  must  vary  with  t.  If  we 
express  this  dependence  on  the  temperature  by  the  index  t, 
then  [or],  =f(ofh  lt,  p,  dt}.  If  we  give  t  the  definite  value  t0 
then  the  specific  rotation  for  the  temperature  t0  is  expressed 
properly  only  by  the  equation,  [»],„  = /(",„,  lt*,p,  ^0)  ;  the 
quantities  or,  /,  and  d  must  all  be  determined  for  the  tempera- 
ture, t(r  It  must,  therefore,  be  considered  as  absolutely  im- 
proper, as  is  unfortunately  often  the  case  to  find  a  and  /,  for 
example,  for  20°,  and  d  f or  17  5°,  and  to  calculate  an  \_oi]  with 
these  values,  because  the  [at]  so  found  corresponds  naturally 
to  no  definite  temperature  Now,  the  coefficients  of  expansion 
corresponding  to  /  and  rfare  easily  determined  (in  fact  are 
mostly  already  known),  so  that  /  and  d  may  be  readily  found 
for  any  temperature.  Therefore,  the  temperature  at  which  ot  is 
measured,  is  the  one  which  must  be  taken  as  the  basis  for  the 
whole  calculation  of  [or]  .  If  now  the  rotation  is  found  at  the 
temperature  ^,  («,),  then  /,,  and  d,t  must  be  calculated 
to  correspond,  and  finally  [<*]„—  /(<*/j,  //n  p,  ^t),  in  this 
way  the  specific  rotation  for  the  temperature  ^  is  determined. 
If,  next,  «,_,  is  observed  in  the  same  manner,  we  obtain  [a]^ 
—f(atv  Ifv  P>  ^a)  WG  obtain  m  this  way  a  clear  idea  of  the 
dependence  of  [a]  on  t,  and  finally  after  calculating  the  tejn- 
perature  coefficient  of  [at] ,  we  are  able  to  reduce  all  the  ob- 
served values  of  [«]  to  one  and  the  same  temperature,  usually 
to  20°.  It  must  further  be  mentioned  that  the  specific  gravity 
'is  always  referred  to  water  at  4°  ,  the  choice  of  any  other  tem- 
perature (o°  or  17.5°)  is  certainly  to  be  condemned,  since  water 
at  $°  is  the  basis  of  the  metric  system  of  weight. 

163.  Schmidt  and  Haensch  Control  Tube.— The  Schmidt  and 
Haensch  control  observation  tube,1  the  use  of  which  was  re- 

i  Schmidt  and  Haensch  •  Ztschr  fiirlnstrum  ,  4,  169  (18841. 
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ferred  to  in  §128,  is  illustrated  by  Fig.  79-  Thv  tube  A  may  !>e 
moved,  in  telescope  fashion,  into  the  tube  K  which  it  fits  very 
accurately,  a  leather  washer  being  added  at  C  to  make  the 
joint  perfectly  tight.  The  ends  D  and  K  are  closed  by  the 
ordinary  screw  caps.  The  motion  of  the  tube  A  is  accomplished 
by  pinion  and  rack  mechanism  F ;  on  the  latter  there  is  a  milli- 
meter scale  which  works  over  the  vernier  G,  attached  to^B, 
so  that  tenths  of  a  millimeter  may  be  read  off  directly.  The 
funnel  H,  which  is  detachable,  serves  to  take  up  the  excess  of 
liquid  expelled  on  contraction  of  the  tubes.  Instead  of 


the  tube  A  at  D  it  may  be  closed  at  the  other  end  at  J  by  screw- 
ing in  a  diaphragm  with  a  plane  parallel  glass  plate  ;  in  this 
arrangement  the  whole  tube  is  shorter  by  the  length  I)  J,  than 
when  the  end  is  taken  at  D.  On  this  principle  (with  dia 
phragm  at  J)  tubes  may  be  constructed  whose  length  niav  In* 
decreased  to  zero.  For  saccharimeters  which  are  made  to  take 
in  very  long  tubes,  such  an  arrangement  would  be  very  ad- 
vantageous as  it  would  permit  a  determination  of  the  whole 
error  of  the  quartz  wedge  by  use  of  a  single  sugar  solution. 
For  the  ordinary  short  saccharimeters,  the  use  of  such  a  tube, 
which  may  be  shortened  to  zero,  is  not  to  be  recommended, 
since  the  determination  of  errors  is  less  accurate,  the  shorter 
the  tube  in  fully  extended  condition. 

It  may  be  remarked  regarding  the  practical  use  of  the  con- 
trol observation  tube,  that  the  solution  cannot  be  introduced 
through  the  funnel  H  This  should  be  removed  and  the  ori- 
fice closed  by  the  metallic  stopper  furnished  with  the  tube* 
The  cap  B  is  removed,  the  tube  fully  extended,  and  then  the 
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solution  is  poured  in.  After  filling  and  closing  E  the  tube  is 
brought  into  horizontal  position,  H  is  attached,  and  then  the 
tube  is  shortened  a  little  and  a  further  small  amount  of  liquid 
poured  into  the  funnel.  To  prevent  too  much  evaporation  it 
is  recommended  to  cover.the  latter  with  a  screw  top  which  has 
a  very  small  opening  to  permit  the  escape  of  the  air. 

164.  Measurement  of  the  Tube  Length.— 
The  statement  of  the  manufacturer  is 
commonly  taken  as  regards  the  length  of 
the  tube.  But  for  all  accurate  work  this 
length  must  be  known  with  certainty  to 
within  o.  i  mm. ,  and  it  is,  therefore,  de- 
sirable to  have  means  of  measuring  it 
one's  self.  A  measuring  instrument  de- 
signed by  Landolt  for  this  purpose  is 
shown  in  Fig.  So.1  It  consists  of  a  me- 
tallic bar,  A,  divided  into  millimeters,  on 
the  lower  end  of  which,  at  a,  there  is  a 
sharp  knife  edge  The  handle  c,  of  wood, 
may  be  fixed  at  any  point  desired  The 
vernier  b,  provided  with  two  knife  edges, 
may  be  shoved  along  the  bar  with  a  little 
friction,  and  permits  a  reading  to  o  i  mm. 
If  the  bar  A  is  placed  vertically  with  the 
edge  a  on  a  glass  plate  and  then  the  ver- 
nier is  shoved  down  until  its  two  edges 
rest  on  the  plate,  the  zero  point  on  the 
bar  and  the  zero  on  the  vernier  must 
agree,  so  that  the  reading  zero  is  thus 
given.  If  the  length  of  the  tube  B  is  to 
be  found,  one  end  is  closed  by  a  glass 
plate  and  screw  cap,  and  then,  in  vertical 
direction,  the  measuring  bar  A  is  shoved 
down  into  the  tube  until  the  edge  a 
touches  the  glass  at  the  bottom  Then 
the  vernier  b  is  brought  down  until  its 
two  edges  touch  the  glass  tube  above, 
taking  care  that  the  bar  A  does  not  stand 

1  From  Schmidt  and  Haensch,  Berlin.  Pig:.  So 
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inclined  in  the  tube.  The  length  is  then  read  off.  This  de- 
termination is  repeated  several  times,  the  tube  being  turned 
through  90°,  180°,  and  270°,  and  the  mean  of  all  taken.  If 
the  length  found  is  expected  to  be  actually  accurate  within  o.  i 
mm. ,  the  correctness  of  the  measuring  bar  must  be  previously 
determined,  and  above  all  the  temperature  of  the  bar  must  be 
considered.1 

In  all  cases  where  it  is  desired  to  know  the  tube  length  more 
accurately  than  to  o  i  mm  ,  the  simplest  plan  is  to  have  the 
measurement  made  directly  in  the  Physikalisch-Techmschen 
Reichsanstalt  at  Charlottenburg.  The  length  of  polarization 
tubes  may  be  there  accurately  found  by  aid  of  a  comparator  to 
within  o.o  i  to  o  02  mm  i 

If  the  angle  of  rotation  of  a  liquid  is  found  at  different  tem- 
peratures the  change  in  length  of  the  tube  must  be  taken  into 
consideration.  It  is  sufficient  for  this  purpose  to  consider  the 
linear  coefficient  of  expansion  of  glass  as  ft  =  0.000008  for  i°, 
and  for  brass  ft  =  0.000019  If  the  length  of  the  tube  at  20° 
be  taken  as  /30o,  then  the  length  at  t°  is  found  from  the  equation, 
(I)  k  =  4*  +  4*£(*— 20). 

If,  for  example,  a  glass  tube  measures  exactly  200  mm  at  20° , 
its  length,  according  to  this,  at  30°  is  200  016  mm  The  cor- 
rection need,  therefore,  be  considered  only  with  long  tubes  and 
marked  temperature  changes 

C.     DETERMINATION  OP  THE  PERCENTAGE    STRENGTH 
OF  SOLUTIONS 

165.  Reductions  of  Weighings  to  Vacuo. — The  determination  of 
the  percentage  strength  by  weighing  will  be  considered  in 
what  follows  in  such  a  manner  as  to  make  it  as  accurate  as 
possible.  If  for  special  purposes,  less  accuracy  is  called  for  in 
the  work,  the  procedure  may  naturally  be  easily  simplified. 
As  all  weighings  must  be  reduced  to  vacuo,  the  necessary  for- 
mulas will  first  be  stated.  It  must  be  assumed  that  these 
weighings  are  made  on  chemical  balances  which  permit  a  mass 
determination  which  is  accurate  to  about  =t  o.  i  mg. 

A  few  remarks  only  need  be  made  about  the  weighings  them- 

*  The  Physikafcsch-Technischen  Reichsanstalt  at  Charlottenburg  makes  tests  of 
measuring  rods  and  determinations  of  their  errors  in  division 
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selves.  The  temperature  of  the  weights,  of  the  body  to  be 
weighed  and  of  the  air  in  the  balance  case,  should  differ  but 
little  from  the  air  temperature  of  the  room  Do  not  place  a 
vessel  with  calcium  chloride  m  the  balance  case,  as  it  is  not 
possible  to  keep  the  air  in  the  latter  dry  during  the  time 
of  weighing  ,  at  most  the  calcium  chloride  may  be  used  as  a 
protection  against  rust  when  the  balance  is  not  in  use.  All 
weighings  should  be  made  by  the  method  of  vibrations,  with  a 
determination  each  time  of  the  zero  point  and  the  sensitiveness 
of  the  balance  ;  aside  from  its  greater  accuracy,  weighings  by 
the  vibration  method,  when  one  is  once  accustomed  to  it,  re- 
quire less  time  than  is  necessary  to  accurately  adjust  the  rider 
It  is  necessary  to  determine  always  three  or  five  reversal  points. 
In  regard  to  a  determination  of  the  errors  in  the  set  of  weights 
it  is  only  necessary  to  compare  one  of  the  pieces  with  a  nor- 
mal set  of  weights  j1  the  errors  of  all  the  others  may  then  be 
found  from  this  with  sufficient  accuracy  The  list  of  correc- 
tions should  be  pasted  on  the  balance  table,  and  at  each  weigh- 
ing the  sum  of  the  errors  in  the  weights  used  should  be  noted 
at  once  Further  directions  may  be  found  in  Kohlrausch's 
"Praktische  Physik,"  1896,  41  to  53. 

In  the  reduction  of  the  weighings  to  vacuo,  the  density  of 
the  air  A.  (the  mass  of  i  cc.  in  grams)  at  the  time  of  weighing 
must  be  known  The  density  of  the  air  is  a  function  of  the 
temperature  t  in  the  balance  case,  of  the  barometric  pressure, 
/>,  in  millimeters  to  be  reduced  to  o°,  and  of  the  tension  e  of  the 
aqueous  vapor  in  the  air  • 

^  __       o  001293       #--0.375  e 
i  H-  o  00367  t        760 

As  for  North  Germany  e  is  usually  between  3  and  15  mm.,  it 
is  .sufficient  to  take  for  the  purpose  e  =  9,  so  that  we  have  then, 

(I)  X  =     °-OOI293      b—  3.4 

i  +"0  00367  t    760 

Tfye  error  in  A.  occasioned  by  variations  in  e  amounts  in  the 
maximum  to  ±  0.000004.  ^  the  barometer  is  not  measured 
on  the  same  floor  where  the  weighing  is  made,  a  correction 
must  be  made  on  b,  since  b  decreases  o.  i  mm.  for  an  elevation 

i  The  Normal-Aichungseomniission,  at  Berlin,  makes  such  comparisons  t 
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of  i  meter.  If  /  is  observed  accurately  to  0.5°  and  dto  i  mm., 
then  "by  aid  of  equation  (I)  the  air  density  A.  is  obtained  cor- 
rectly to  within  about  ±  0.000008.  In  the  mean,  X  is  about 
0.00119  and  varies  between  the  limits  0.00113  and  o  00125. 

To  eliminate  the  error  due  to  inequality  in  the  arms  of  the 
balance,  the  body  whose  absolute  mass  is  to  be  found  is 
weighed  first  on  the  one  pan  and  then  on  the  other.  If  mv 
and  m^  are  the  weights  used  in  the  two  cases  to  hold  the  body 
in  equilibrium,  then  the  right  weight  of  the  body  in  the  air  is  : 


The  mass  so  found  is  then  to  be  reduced  to  the  vacuum  weight 
as  above  If  s  is  the  density  of  the  body  and  ff  the  density  of 
the  weights,  then  the  desired  mass  M  of  the  body  in  vacuo  is 


or  in  better  form  for  computation 


(III)  M=  m  +  m\      P 

o  s 

Ordinarily  the  weights  are  of  brass,  for  which  0  =  8.4  may 
be  taken  ;  the  fact  that  the  smaller  weights  are  of  platinum  or 
other  foil  has  no  appreciable  effect  on  the  value  of  M.  With 
reference  to  the  densities,  s,  consult  Landolt  and  Boernstem's 

Tables,  1894,  p   114  to  234,  from  which  with  the  numbers  on 
ff  —  j 

p   10  the  values  for  A.  -  may  be  taken 
as 

If  m  is  the  apparent  mass  of  the  body  in  the  air  of  density 
X,  and  mr  the  apparent  mass  of  the  body  m  air  of  density  A/j 
then  follows  from  equation  (III),  . 

(IV)  m'  =  »»  +  »(*.—  A')  £—  ? 

By  means  of  this  equation  it  is  possible  to  reduce  the  mass 
found  for  any  density  of  the  air  A.  to  any  other  density  X' 

166.  Preparation  of  Solutions  by  Weighing.  —  For  this  purpose  it 
is  advisable  to  use  small  flasks  with  wide  neck  and  glass  stopper, 
having  a  capacity  of  20  to  150  cc  (Fig,  81)  After  cleaning 
the  flask  with  water  and  rinsing  with  alcohol,  it  is  dried  by 
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forcing  air  for  a  long  time  through  it      Then,   according  to 

the  last  paragraph  (II),  its  apparent  mass  m  m  the  air  of 

density  A.  will  be  found.     Next,  one  of 

the  components  A  of  the  solution  is 

introduced  into  the  flask  ;  if  a  definite 

quantity  of  A  is  to  be  taken  it  is  more 

convenient  to  use  a  coarse  balance  at 

first,  and  then  by  means  of  an  analyt- 

ical balance  to  find  the  exact  weight 

According  to   (II)  we  have  now  the 

apparent  weight  n  of  the  flask  and  sub- 

stance in  the  air,  with  the  density  equal 

to  A/.     After  obtaining,  according  to- 

(IV),1  by  aid  of  m,  A,  and  A',  the  appa- 

rent mass  of  the  flask  m'  at  the  air 

density  A',  then  we  have  as  the  apparent  mass 

stance  A  at  the  air  density  A', 

»t  =  n  —  m'  , 

TZ,  is  reduced,  according  to  (III),  to  the  vacuum  weight  and 
we  obtain  then  as  the  real  mass  M^  of  A, 


of  the  sub- 


Then the  second  component  B  of  the  solution  is  brought  into 
the  flask  and  care  is  taken  to  make  a  homogeneous  solution  by 
shaking.  Just  as  Ml  was  found,  we  find  now  the  true  mass 
M  of  the  solution  composed  of  A  and  B,  but  we  must  substi- 
tute now  m  (III)  in  making  the  reduction,  the  specific  gravity 
s  of  the  solution  The  real  mass,  Aft,  of  the  component  B  is 
then  M  —  M—  M. 

We  proceed  in  the  same  manner  if  still  other  components  are 
to  be  added.  If  the  solution  contains  the  components  A  and  B 
only,  of  which  B  is  the  solvent,  then  the  percentage  strength, 
p}  of  active  substance  A  m  the  solution  is 

nn  -h  —  I00^i 

(V)  P-       M     . 

It  is  to  be  observed  that/,  also  the  per  cent,  of  the  solvent, 

i  The  density  of  the  glass  may  be  taken  as  2,5 
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q  —  — -j~  —  100  —  p,  are  quite  independent  of  the  tempera- 
ture ;  the  percentage  amount  p  gives  clearly  the  composition  of 
the  solution ,  the  solution  is  completely  defined  through  p  only . 

It  is,  therefore,  advisable  in  following  changes  in  specific 
rotation  with  increasing  dilution  of  the  solution,  to  represent 
the  specific  rotation  as  a  function  of  p  or  q  as  is  done  on  page 
5,  rather  than  as  a  function  of  the  concentration  If  water  is 
used  as  the  solvent,  it  should  be  thoroughly  boiled  so  as  to 
expel  all  the  air. 

In  this  manner,  when  necessary,  the  percentage  strength  p 
may  be  found  with  very  great  accuracy.  If,  for  example,  the 
normal  sugar  solution  so  commonly  used  in  saccharimetry,  m 
which  the  amount  of  sugar  is  about  23.7  per  cent  ,  is  accu- 
rately prepared  by  weighing  and  is  then  filled  into  the  polari- 
zation tube,  in  which  operation  a  little  water  is  lost  by  evapo- 
ration, the  actual  percentage  strength  of  the  solution  in  the 
tube,  after  allowing  for  all  systematic  errors,  way  be  given  to 
within  Vjo.nn,,  of  its  value;  that  is,  accurately  to  ±  2  or  3  units 
of  the  third  decimal  place.  But  if  the  weighings  are  not  re- 
duced to  vacuo,  the  percentage  strength  would  be  too  large  by 
one  unit  m  the  second  decimal  place. 

167.  Change  in  the  Percentage  Strengthen  Filtration  of  the  Solution. 
— But  this  great  accuracy  m  the  percentage  strength  no  longer 
obtains  if,  on  account  of  turbidity,  one  is  obliged  to  filter  the 
solution,  because  then  by  partial  evaporation  of  the  solvent, 
the  percentage  amount  of  the  non- volatile  constituent  is  in- 
creased. In  order  to  obtain  an  estimate  of  the  extent  of  the 
error  so  caused  some  experiments  were  made,  and  partly  in 
this  way  that  the  whole  filtering  apparatus  was  placed  on  the 
balance,  and  partly  by  determining  the  strength  before  and 
after  filtration  Plaited  filters  of  Swedish  paper  were  used 
and  the  funnels  and  vessels  were  kept  covered  as  well  as  pos- 
sible 

Aqueous  solutions  :  «.*43  131  grams  of  water  filtered  in  four 
minutes  and  lost  0.019  gram  by  evaporation.  Air  tempera- 
tuie,  18°.  99.614  grams  of  water  filtered  in  n  minutes  with  a 
loss  of  0.041  gram  Temperature,  20°  According  to  this, 
in  the  filtration  of  40  to  100  grams  of  a  10  per  cent,  solution, 
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the  percentage  strength  would  increase  by  0.004.  b.  In  the 
filtration  of  50  cc.  of  an  aqueous  solution  of  silver  nitrate, 
which  was  completed  in  three  minutes,  the  percentage  strength 
increased  from  9.708  to  9.713.  The  temperature  was  20°. 
The  increase  is  0.005,  which  agrees  with  the  first  determinations. 

Alcoholic  solutions  •  a,  31.007  grams  of  94  per  cent,  alcohol 
filtered  in  four  minutes  and  lost  0.067  gram  by  evaporation,  at  a 
temperature  of  18°.  71  494  grams  of  the  same  alcohol  filtered 
in  ten  minutes,  at  19°,  and  lost  0.114  gram.  If  the  above 
alcohols  had  contained  10  per  cent,  of  active  substance,  this 
amount  would  have  been  increased  in  the  first  filtration  to 
10.019  and  in  the  second  to  10.014  per  cent.  b.  50  cc.  of  a 
solution  of  silver  nitrate  m  78  per  cent,  alcohol  filtered  in  ten 
minutes,  at  23°,  and  increased  in  strength  from  9.686  to  9.714 
per  cent,  in  one  experiment,  and  to  9.736  per  cent,  in  another  ; 
that  is,  by  0.03  and  0.05. 

If  we  may  assume  that  the  evaporation  is  independent  of  the 
percentage  strength  and  proportional  to  the  amount  of  liquid 
filtered,  which  is  only  approximately  true,  it  may  be  estimated 
that  in  aqueous  solutions  after  filtration,  the  amount  is  in- 
creased by  about  o  005  for  each  10  per  cent,  of  substance,  and 
for  alcoholic  solutions  by  about  0.03  to  0.05 

These  increases  in  percentage  strength  may,  therefore,  be 
quite  considerable  for  concentrated  solutions,  and  if  alcohol 
serves  as  the  inactive  solvent  the  first  decimal  place  even  may 
be  wrong  by  several  units.  Filtration^  therefore,  should  be 
avoided  as  far  as  possible 

D.  DETERMINATION  OF  SPECIFIC  GRAVITY 
168.  Construction  and  Use  of  the  Pycnometer. — The  specific  grav- 
ity or  density  of  a  body  is  the  relation  of  its  mass  to  the  mass 
of  the  same  volume  of  water  at  4°  The  choice  of  any  other 
temperature  is  inadmissible.  If  the  body  is  homogeneous  the 
specific  gravity  is  at  the  same  time  the  mass  of  the  unit  of 
volume,  the  gram  and  cubic  centimeter  being  naturally  used 
together. 

The  densities  of  solid  bodies  are  important  in  polarimetry 
only  vSO  far  as  employed  in  the  reduction  of  weights  to  vacuo, 
and  the  methods  of  determination  need  not  be  dis*cussed  here. 
29 


Reference  is  made  to  Kohlrausch's '  'Praktische  Physik,"  1 896, 
p.  57  to  60,  and  it  may  be  remarked  further  that  for  the  cases 
coming  into  consideration  here  the  floating  method  devised  by 
Retgers  gives  the  best  results. 

The  densities  of  liquids  may  be  found  by  aid  of  the  pycnom- 
eter,  the  Mohr  balance  or  the  aerometer  But  the  last  two 
methods  require  larger  quantities  of  liquid  and  may  be  applied 
to  solutions  only  when  the  evaporation  of  the  solvent  is  slight; 
but  as  they  are  easily  subject  to  many  systematic  errors  and 
do  not  possess  at  all  the  accuracy  which  is  reached  without 
difficulty  with  the  pycnonieter,  the  Mohr  balance  and  the 
aerometer  are  only  used  in  technical  work  for  approximate 
determinations,  while  for  scientific  investigations  the  pycnorn- 
eter alone  may  be  employed 

With  the  pycnometer  the  mass  of  a  definite  volume  is  de- 
termined. Among  the  many  kinds  of  pycnometers  that  of 
Sprengel  gives  unquestionably  the  most  accurate  results.  The 
most  practical  form  is  shown  in  Fig.  82  The  vessel  A  holds 
about  15  cc.  and  is  made  of  rather  thin  glass.  The  two  capil- 
lary tubes  B  and  C,  bent  in  the  middle,  are  fused  to  the  upper 
end  of  A.  The  extremities  of  these  are  ground.  The  inter- 
nal diameter  of  the  capillaries  is  not  the  same  ;  B,  which  has 
a  mark  at  D  is  about  0.9  mm,  while  C  is  smaller  and  about  0.4 
mm.  m  diameter.  In  order  to  be  able  to  hang  the  pycnometer 
on  the  balance  it  is  provided  with  a  platinum  loop  E,  as  shown 
in  the  figure.  To  prevent  evaporation  during  weighing,  and 
possible  loss  of,  liquid  by  expansion  with  increase  of  tempera- 
ture, the  ends  B  and  C  may  be  closed  by  the  two  ground  glass 
caps  F  and  G  To  distinguish  it  from  G  the  cap  F  is  marked 
by  a  blue  glass  bead  at  its  end  since  this  one  is  to  be  put  on 
the  capillary  marked  at  D.  To  facilitate  drawing  in  the 
liquid  the  bent  glass  tube  H  with  ground  end  may  be  attached 
to  the  wider  capillary  B,  and  to  the  narrow  capillary  C,  the 
bulb  J,  with  ground  neck,  to  which  a  bit  of  rubber  tubing  is 
attached.  The  definite  volume  of  the  pycnometer,  which  is 
always  used  filled,  reaches  from  the  point  of  C  to  the  mark  D 
and  changes  only  by  expansion  of  the  glass  with  the  tem- 
perature. 

The  pycnometer  is  cleaned  by  washing  with  distilled  water 


Fig  82 

and  alcohol,  the  latter  being  vaporized  finally  by  a  current  of 
air.  The  apparent  mass  of  the  empty  pycnometer  with  the 
two  glass  caps  F  and  G  m  the  air,  is  then  a  constant  to  within 
about  ±0.2  rug.,  the  changes  on  account  of  variations  m  the 
density  of  the  air  taken  into  consideration  In  the  determina- 
tions of  specific  gravity  it  is  not  necessary  to  make  allowance 
for  variable  air  density  as  may  be  seen  in  the  following  calcu- 
lation of  errors  for  the  specific  gravity  i  i .  The  greatest  dev- 
iation in  the  density  of  the  atmosphere  from  its  mean  value 
of  0.00119,  or  0.0012,  is  about  ±0.00005  As  the  water 
weight  of  the  pycnometer  is  not  commonly  redetermined  with 
every  new  specific  gravity  test  the  density  of  the  air  can  cause 
a  maximum  error  of  about  ±  9  units  in  the  fifth  decimal  place 
in  the  determination  of  liquid  densities ;  but  it  is  assumed  here 
that  the  empty  pycnometer  is  reweighed  before  each  determi- 
nation, and  that,  therefore,  its  apparent  mass  in  the  air  can  be 
brought  into  the  calculation  with  an  error  of  at  most  =b  0.05 
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mg.  lyeaving  out  of  consideration  rare  exceptional  cases,  the 
error  in  the  liquid  density  by  variations  in  the  air  density  is, 
as  a  rule,  less  than  4  units  in  the  fifth  decimal  place.  As  will  be 
further  seen  below,  all  other  uncertainties  taken  together  may 
produce  an  error  of  about  ±  2  units  in  the  filth  decimal  place. 
By  adding  the  error  of  four  units  on  account  of  uncertain  air 
density  the  final  error  is  6  units,  that  is,  the  error  in  a  specific 
gravity  determination  is  ordinarily  only  ±  6  units  in  the  fifth 
place,  even  when  the  variable  air  density  is  left  out  of  considera- 
tion; this  degree  of  accuracy  in  specific  gravity  determinations 
is  sufficient  for  all  polarimetric  work.  It  is  likewise  unneces- 
sary, in  specific  gravity  tests,  to  make  double  weighings  in  de- 
termining the  apparent  masses  in  the  air  ;  if  the  weighing  is 
always  made  on  the  same  side  the  inequality  of  the  balance 
arms  is  completely  eliminated,  since  specific  gravity  is  the  re- 
lation of  two  masses ;  it  is  assumed,  of  course,  that  the  rela- 
tion of  the  two  arms  is  sufficiently  constant,  which,  for  the 
small  loads  here  taken,  should  always  be  the  case  in  a  good 
balance. 

The  pycnometer  is  filled  with  distilled  water,  reboiled  to  free 
it  from  air,  and  brought  into  a  bath  of  constant  temperature. 
A  cylindncal  glass  dish  with  a  capacity  of  several  liters  may  be 
used  as  a  water-bath  ;  it  should  be  placed  in  a  round  wooden 
vessel,  the  bottom  of  which  is  lined  with  a  thick  layer  of  cotton, 
and  the  space  between  the  sides  of  the  glass  and  wooden  ves- 
sels should  be  also  packed  with  cotton.  For  temperatures  be- 
tween 15°  and  25°  the  temperature  of  the  water-bath  will  then 
remain  constant  to  within  a  few  hundredths  of  a  degree.  A 
standard  with  two  movable  arms  is  attached  to  the  wooden 
vessel.  One  supports  the  holder  K  (Fig.  82),  which  may  be 
made  of  a  bent  glass  rod  or  of  a  thick  piece  of  covered  copper 
wire,  while  the  other  supports  a  thermometer.  The  pycno- 
meter is  hung  in  the  holder  K,  and  is  immersed  in  the  water 
of  the  bath  to  the  level  of  the  mark  D  The  thermometer, 
graduated  in  tenths,  the  accuracy  of  which  has  been  previously 
tested  (see  §161)  is  hung  as  close  as  possible  to  the  pycnometer 
and  care  is  taken  to  have  the  mercury  in  the  bulb  about  at  the 
level  of  the  middle  of  A.  If  the  water-bath  is  colder  than  the 
pycnometer,  the  liquid  in  the  latter  contracts  on  immersion  in 


the  bath,  but  only  in  the  wider  capillary  B,  while  the  na 
rower  one  C  remains  always  full     If  the  water  retreats  b< 
yond  the  mark  D,  a  drop  of  water  on  a  glass  rod  is  held  to  tb 
point  C      This  is  immediately  drawn  into  the  narrow  capillar 
and  the  mass  of  water  moves  tip  in  the  wider  tube  B.     The 
the  outside  ends  of  B  and  C  are  carefully  cleaned  by  bits  o 
filter-paper.     After  about  ten  minutes,   the  pycnometer  an< 
contents  will  have  come  exactly[to  the  bath  temperature,  whicJ 
may  be  recognized  by  the  fact  that  the  liquid  meniscus  in  tb 
capillary  B  remains  constant  in  position.     After  the  tempera 
ture  on  the  thermometer  is  read  as  accurately  as  possible,  C  u 
touched  with  a  bit  of  filter-paper  which  causes  the  meniscuf 
in  B  to  move  toward  D  ;  at  the  moment  in  which  the  middl* 
of  the  meniscus  just  reaches  D  the  filter-paper  is  withdrawr 
and  the  adjustment  is  completed  ;  in  the  adjustment  the  eye  is 
held  so  that  the  mark  D  appears  as  a  line.     Finally,  the  nar- 
row  capillary   C  is  first  closed  with  the  cap  G  and  then  B 
with  the  cap  F.     When  this  is  done  the  pycnometer  is  taken 
from  the  bath  and  dried  with  a  soft  linen  cloth,  and  then  it  is 
placed  on  the  balance  where  its  apparent  mass  in  air  is  deter- 
mined.    If  from  this  the  apparent  mass  of  the  empty  pycnom- 
eter be  subtracted,  the  difference  gives   the  apparent  mass  in 
air  of  the  water  which  fills  the  pycnometer  at  the  temperature 
of  the  bath.     This  apparent  mass,  which  depends  on  the  tetn- 
perature  only,  is  a  constant  for  the  pycnometer  used  and  need 
not  be  found  anew  for  each  specific  gravity  determination 
After  some  practice  such  a  degree  of  accuracy  may  be  reached 
that  with  repeated  adjustment  and   reductions  to  the  same 
temperature,  the  apparent  water  masses  will  not  vary  by  more 
than  or  to  0.2  mg.     But  it  must  be   remembered  that  15 
grams  of  water  weighed  in  the  air  may  vary  about  ±06  mg 
in  maximum  by  reason  of  changes  in  the  air  density.     The 
above  calculation  of  errors  is  based  on  these  relations. 

After  cleaning  the  pycnometer  with  alcohol  and  drying  it,  it 
is  filled  with  the  liquid  whose  specific  gravity  is  to  be  found. 
All  manipulations  are  now  the  same  as  before  with  water. 
The  adjustment  and  weighings  are  made  at  least  twice  to 
avoid  possible  errors.  By  subtracting  the  apparent  mass  of 
the  empty  pycnometer  from  that  of  the  filled,  the  apparent 
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mass  of  the  liquid  in  the  air  is  obtained.  By  reputed  weig 
ings,  and  reductions  to  the  same  temperature,  this  should  vn 
at  most  by  o  i  to  o  2  mg. 

169.  Calculation  of  the  Specific  Gravity.—  The  following  is  t 
calculation  of  the  specific  gravity.    We  represent  by 

W0,  the  apparent  mass  of  the  water  in  the  air  at  the  tvi 

perature  tQ  , 
F,    the  apparent  mass  of  the  liquid  in  the  air  at  the  tei 

perature  t  ; 

<20,  the  specific  gravity  of  the  water  at  the  temperature  /, 
3/?,  =  o  000024,  the  coefficient  of  cubical  expansion  « 

glass  ; 

A.,     =0.0012,  the  air  density, 

df)    the  density  of  the  liquid  at  the  temperature  I,  refern. 
to  water  at  4°. 
Then 

(i)       t^l&jLlQ  -  < 

()        '      w  + 


In  this,  the  first  factor  is  the  rough  unconnected  specific  gravity 
the  second  and  third  factors  are  corrections.  The  .secoii 
factor  corrects  the  specific  gravity  on  account  of  tempen 
ture  changes,  and  the  third  comes  from  the  reduction  of  til 
weights  to  vacuo.  As  already  explained  in  the  last  paragrapl 
we  obtain  the  specific  gravity  with  the  pycnometer  to  withi 
about  =b  6  units  in  the  fifth  decimal  place.  The  specifi 
gravity  may  be  given,  therefore,  to  the  fifth  decimal,  but  til 
first  factor  must  be  calculated  with  seven-place  logarithm* 
If,  m  each  weighing,  the  air  density,  X,  is  found  accordin 
to  equation  (I)  (§165),  then 

(II)  dt  =  £^+H&.8(t       f\ 

^    '  "'        w>  ^   w<  3P\h  —  t)i 

in  which  W0'  and  F  are  the  true  masses  of  the  water  and  th 
liquid,  reduced  to  vacuo,  by  aid  of  equations  (I)  and  (III 

The  values  of  the  specific  gravity,  Qn,  of  water  at  difforeii 
temperatures  of  the  hydrogen  thermometer  are  found  from  ft. 
following  table,  which  contains  the  mean  values  of  Thieseii 
Scheel  and  Marek.  The  numbers  are  accurate  to  about  fw< 
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units  in  the  sixth  decimal  place,  as  may  be  seen  by  com- 
parison with  the  latest  observations.1  A  fuller  table  is  found 
in  lyandolt  and  Boernstein's  Tables,  1894,  p.  37. 
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If,  m  the  equations  (I)  and  (II),  (#0 — 0  amounts  to  but  a 

*  Thiesen,  Scheel,  and  Diesselhorst    Wied    Ann.,  60,  340  (1897)  ,  'Die  Thktigkeit 
derPhysikalisch-TechnischenReichsanstalt,"  Ztschr  fiirlnstrum,  I7i  (189?) 
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few  degrees,  it  is  sufficient  to  take  for  3  /3  the  mean  vali 
0.000024     But  it  is  always  better  to  find  the  coefficient  of  e, 
pansion,  3^,  of  the  glass  of  the  pycnometer  by  direct  expel 
ment.    For  this  purpose,  the  pycnometer  is  weighed,  fille 
with  air-free  water  at  two  different  temperatures.    If,  for  e: 
ample,  several  determinations  are  made  at  about  10°  and  30' 
3/S  may  be  found  accurately  within  about  2  per  cent.    If  tr 
two  temperatures  are  t:  and  /„  with  (z  >  /p  Ql  and  Qs  the  CQJ 
responding  specific  gravities  of  water,  Wl  and  W^  the  masse 
of  the  water  contained  in  the  pycnometer  at  temperatures 
and  tv  then 


Although  the  numerator  may  be  simplified  to,  W^  Q^  —  W^  Q 
it  is  still  more  convenient  in  working  with  definite  numbers  t< 
use  the  above  form  of  the  equation.  If  the  density  of  the  ai 
remains  constant  throughout  the  experiment,  it  is  not  neces 
sary  to  reduce  the  weights  to  vacuo,  as  3  ft  is  dependent  onl} 
on  the  ratio  Wa  Wl 

170.  Variations  in  Specific  Gravity  with  the  Temperature.— 
In  all  more  accurate  polarimetnc  work,  as  shown  in  §  162, 
changes  of  specific  gravity  with  the  temperature  must  be 
known  and,  therefore,  the  coefficient  of  cubical  expansion  of 
the  solution  must  be  found.  This  is  best  done  by  aid  of  the 
pycnometer.  L,et  this  contain  the  mass  of  liquid  F^  at  the  tem- 
perature /lf  and  at  the  higher  temperature  f3  the  mass  Fy  If 
3  ft  is  the  coefficient  of  cubical  expansion  of  the  glass,  then  the 
mean  coefficient  of  expansion  of  the  liquid,  yt  between  ^  and  t^ 
or  also  (with  sufficient  accuracy)  the  true  coefficient  for  the 

t  -f-  t 
temperature  —  -  -  ,  is  given  in  form  suitable  for  calculation 

by 

p  _  p        T  F  _  F 

(IV)     r^t,=     '         '  i-         +  ^-31+31. 

" 


As  Y  *s  dependent  on  the  ratio  Fl  Fz  only,  it  is  not  necessary, 
constant  air  density  assumed,  to  reduce  the  weighings  to  vacuo. 
If  the  temperature  difference,  /3  —  ^,,  is  taken  as  about  15°,  the 
coefficient  of  expansion  may  be  easily  determined  to  within 
about  3  per  cent.,  which  is  sufficient  for  all  polarimetric  work. 
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As  far  as  the  variation  in  y  with  the  temperature  is  con- 
cerned, we  may  assume  this  relation  with  sufficient  accuracy 
for  simple  liquids  as  well  as  for  solutions  of  definite  percentage 
strength, 

(  V)  yt  =  y^  +  a  (t  —  20)  , 

in  which  a  is  a  constant  peculiar  to  the  liquid.  If,  therefore, 
we  find  y  fc>r  two  different  temperatures,  then  we  may  calcu- 
late first  the  two  constants  yacfl  and  a,  and  next  the  coefficient 
of  expansion  for  any  desired  temperature  ;  it  is  required,  there- 
fore, to  find  the  mass  of  the  liquid  in  the  pycnometer  for  at 
least  three  different  temperatures. 

For  solutions,  y  varies  also  with  the  percentage  strength  / 
of  dissolved  substance,  so  that  y  must  be  written  as  a  function 
of/  and  t  m  the  form 

(VI)  y  =f+sp+  h(t-  20)  +  tp(t-  20), 

in  which/,  g  ,  A,  and  z  are  four  constants.  If  then  the  equation 
(V)  is  established  first  for  the  pure  solvent,  and  then  for  a  sin- 
gle solution  of  percentage  strength  p,  the  four  constants  may  be 
found  in  a  manner  easily  seen,  and  y  may  then  be  calculated 
for  any  desired  p  and  t.  In  case  the  equation  (V)  has  been 
found  for  several  solutions  of  different  strengths,  p,  the  four 
constants  may  be  calculated  by  aid  of  the  method  of  least 
squares  ' 

As  an  example,  we  may  take  the  expansion  of  a  pure  sugar 
solution  in  water.  According  to  Schbnrock2  the  dilation 
coefficient,  y,  between  11°  and  26°,  of  a  sugar  solution  with 
percentage  strength  between  p  —  o  and  p  =  30,  is  given  by 
the  equation  > 

Y  —  0.000208  •-{-  0.0000037^  -\-  0.0000108  (/  —  20) 
—  o.ooooooi9/(/  —  20). 

This  formula  gives  the  true  coefficient  of  expansion  accu- 
rately to  within  ±  0.000008 

If  the  equation  (VI)  is  found  for  y,  and  the  specific  gravity 
d  at  the  definite  temperature  t  has  been  determined,  the 
specific  gravity  for  any  other  temperature  /may  be  found  from 
the  equation 

(VII)  d.  =  df  +  df  y^  (f  —  f). 


a 

See  Kohlrausch  .  "Praktische  Physik,"  1896,  p  9 
SchSnrock  •  Ztschr.  ftir  Instrum.,  16,  243  (1896) 


E.  DETERMINATION"  OF  THE  CONCENTRATION  OF  801,0X10 
171.  Calculation  of  the  Concentration  from  the  Specific  Gravity  t 
Percentage  Strength.— The  concentration  c,  by  which  is  unct 
stood  the  number  of  grams  of  active  substance  in  100  cc, 
solution,  is  found  by  taking  the  product  of  the  percenta 
strength  p,  and  the  specific  gravity  dti  found  as  explain 
above . 

(I)  c,  ==M- 

While,  now,  the  percentage  strength  p  is  perfectly  ixulepe 
dent  of  the  temperature,  the  concentration  c  varies  with  3 
We  have,  in  analogy  with  equation  (VII)  (§170), 

(II)  ct  =  cf+  c,  Yt±f(f  —  /) . 

2 

Asp  and  d  may  be  determined  with  great  accuracy,  it  fo 
lows  from  (I)  that  <:may  be  also  exactly  found.  As  we  1m 
seen  in  §166,  it  is  possible,  for  example,  to  determine  the  pe 
centage  strength  of  a  24  per  cent,  sugar  solution  to  aboi 
=b  three  units  in  the  third  decimal  place.  As,  further,  accorc 
ing  to  §168,  its  specific  gravity  may  be  found  accurately  t 
about  ±  six  units  in  the  fifth  decimal  place,  it  follows  that  tli 
concentration  (about  26)  may  be  found  for  the  same  tenipei 
ature  to  within  about  llmo  of  its  amount;  that  is,  to  ±  4  units  i 
the  third  decimal  place  accurately. 

But  equation  (T)  gives  the  exact  concentration  only  when  th 
specific  gravity  d  is  referred  to  water  at  #°.  Of  course,  in  tin 
ease,  we  understand  by  i  cc.  the  volume  which  i  gram  ofwatc 
occupies  at  4°  -weighed in  vacuo.  This  cubic  centimeter,  olmoH 
universally  employed  in  scientific  work,  is  usually  designate 
as  the  true  cubic  centimeter,1  and  is  always  understood  in  wlm 
follows,  unless  something  else  is  mentioned.  This  true  or  prac 
tical  cubic  centimeter  is,  of  course,  to  be  distinguished  fron 
the  theoretical  cubic  centimeter;  that  is,  the  volume  of  a  cube 
whose  edge  is  i  cm.  long.  From  the  investigations  of  Men 
deteeff  and  Mac6  de  Lepinay,  it  follows  that  100  praclica 
cubic  centimeters  =  100.010  theoretical  cubic  centimeters.  If 
for  example,  100  practical  cubic  centimeters  contain  26  grain* 

1  As  distinguished  from  the  Mohr  cubic  centimeter. 
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of  substance,  then,  with  reference  to  theoretical  cubic  centi- 
meters, c  =  25.9974  ;  in  scientific  work  calculations  are  never 
based*  on  theoretical  cubic  centimeters. 

Concerning  the  Mohr  cubic  centimeter,  no  longer  used  in 
science,  see  §126. 

172.  Preparation  of  Solutions  in  Measuring  Flasks. — The  concen- 
tration may  also  be  found  directly  by  dissolving  a  weighed 
amount1  of  the  active  substance  in  a  measuring  flask  of  definite 
volume.  But  this  method  has  the  disadvantage  that  the  deter- 
mination of  volume  in  the  measuring  flask  is  by  no  means  as 
accurate  as  in  the  pycnometer,  and  further,  that  larger  vol- 
umes of  liquid  must  be  brought  to  a  constant  temperature, 
which  requires  a  correspondingly  longer  time.  For  exact 
experiments  the  method  with  the  pycnometer  is  decidedly  pref- 
erable. 

The  measuring  flasks  to  be  used  are  illustrated  in  Fig.  83, 
and  have  a  volume  of  20  to  200  cc. , 
with  a  neck  about  10  mm  wide ;  the 
circular  mark  on  the  neck  should  be 
down  near  the  body  so  as  to  dimin- 
ish inequality  in  the  solution  as  far 
as  possible.  Measuring  flasks  with 
a  long  narrow  neck  divided  into 
.tenths  of  cubic  centimeters,  and 
closed  with  ground  glass  stoppers, 
and  which  have  still  sufficient  mix- 
ing space  above  the  upper  mark  so 
that  solutions  with  any  volume  be- 
tween 100  CQ.  and  no  cc.  may  be 
made,  are  very  practical.  Before 
the  solution,  made  either  in  the  flask 
itself  or  in  another  vessel,  is  diluted 
to  the  mark,  a  thermometer  is  dipped  in  it  and  the  normal  tem- 
perature (20°)  secured  by  help  of  a  water-bath.  Finally,  the 
thermometer  is  lifted,  rinsed  off  with  a  little  of  the  solvent, 
more  is  filled  in  to  the  mark  and  the  whole  is  well  shaken  after 
inserting  the  glass  stopper. 

The  contents  of  the  measuring  flask  must  be  accurately  de- 

i  The  weight  must,  of  course,  be  reduced  to  vacuo. 


Fig  83 
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termined  by  weighing  before  use.     For  this  purpose,  it  is  i 
nearly  to  the  mark  with  air-free  water,   a  thermometer  i 
serted  and  by  warming  or  cooling  in  a  water-bath  it  is  broi 
to  the  normal  temperature  t,  for  which  it  is  to  be  used.    A 
withdrawing  the  thermometer,  enough  water  is  added  to  b 
the  lower  edge  of  the  concave  liquid  surface  exactly  tangei 
the  mark  when  viewed  horizontally.    Then,  all  drops  hangiu 
the  neck  of  the  flask  are  removed  and  the  mass  P  of  the  wa 
in  vacuo,  found  according  to  §165  and  §166.    If  the  spe 
gravity  of  water  at  the  temperature  t  of  experiment  is  Q 
table,  §169),  then  the  volume  Vt  in  cubic  centimeters,   wl 
the  flask  contains  at  t°,  is  given  by  the  equation  : 

(HI)  Vi=~Q 

It  is  possible  in  this  manner,  with  several  weighings,  to  \ 

the  volume  of  the  flask  within  about  ±  0.03  cc. 

When  a  measuring  flask  is  to  be  used  at  any  other  tempe 
ture  t  than  the  temperature  t  for  which  it  was  graduated, 
cubical  expansion  of  the  glass  must  be  taken  into  considerati 
If  3  ft  represents  this  coefficient  (in  the  mean  0.000024),  { 
Vt  the  volume  of  the  flask  at  the  temperature  of  graduati 
then  this  formula  may  be  used  in  finding  the  volume  at  f  • 
(IV)  Vf  =  Vt  +  V,  3  ft  (f  —  f). 

To  obtain  an  idea  of  the  errors  connected  with  the  deter] 
nation  of  concentration  of  solutions  made  in  a  measuring  fla 
we  can  take  as  an  illustration  the  preparation  of  the  norr 
sugar  solution  commonly  employed  in  saccharimetry.    Since 
17.5°,  26.003  grams  of  sugar  (true  mass)  must  be  dissolved 
make  100  cc.  (§126),  the  concentration  of  a  correct  nora 
solution  is  cljs  =  26.003.     If  we  now  assume  that  the  sug 
is  correctly  weighed  out  and  that  errors  in  the  flask  in  cc 
junction  with  inaccuracies  in  filling  to  the  mark  amount 
only    dr  o  02  cc  ,    the   concentration    is    already  wrong 
=F  o  0052,  an  error  which  is  larger  than  that  found  in  §i* 
On  the  other  hand,  assuming  that  at  the  time  of  preparing  t 
solution  the  water  has  a  temperature  of  18.5°  instead  of  17  < 
according  to  (IV)  the  volume  of  the  measuring  flask  is 
longer  100  cc.,  but  100.0024,  and  the  26,003  grams  of  sugar  a 
contained  in  this.     Accordingly  the  concentration  of  the  pr 
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pared  solution  is  cies  ==  26  0024  ;  as  further,  the  coefficient  of 
expansion  of  a  normal  sugar  solution'at  18°  is  0.000283,  then, 
according  to  (II),  cl7.s  =  26,0098.  In  this  case,  therefore,  a 
temperature  difference  of  i  °  in  the  preparation  of  the  solution 
makes  a  difference  of  0.007  in  the  concentration.1  It  is  seen 
from,  this  hozv  closely  the  temperature  must  be  controlled  when 
solutions  arc  prepared  in  the  measuring  flask. 

F.    EFFECT  OF  THE  DIFFERENT  ERRORS  OF  OBSERVATION 
ON  THE  SPECIFIC  ROTATION 

173.  Calculation  of  Errors.  —  Each  of  the  factors  entering  the 

,         ,      r  n        ioo  or        100  or  . 

formulas  [«]  =    .      .  or  —  —  ,  is  attended  by  a  certain  error 

of  observation.  If  we  represent  by  /(«)  the  error  in  #,  by 
/*(«)  the  error  in  [a]  caused  by  /(a),  andif/(/),/(^).  .  ./X/), 
F(b}  have  the  same  meanings  with  reference  to  /,  p,  then,  since 
[ar]  is  proportional  to  a,  /,...,  the  following  simple  relations 
exist  . 


=  -f(d} 


In  the  calculation  of  the  errors,  JF,  it  is  only  necessary  to 
use  approximate  values  and  two  places  of  figures  will  be  suffi- 
cient 

To  secure  a  fairly  close  idea  of  the  influence  which  each 
error  has  on  the  value  of  [«]  ,  we  shall  carry  through  the  com- 
putation for  the  case  of  the  determination  of  the  specific  rota- 
tion of  cane-sugar  in  water  where  [#]  is  about  66.  L,et 
a  —  35°.  7=2  dm.,  p  =  24,  d  =  i.i  ;  these  factors  may  be 
found  with  about  this  degree  of  accuracy  :/(«)  =  db  o  004  °, 
/(/)  =  dz  0.0002  dm.,  /(^)  =  ±  0.003,  f(d)  =  db  0.00006. 
From  these  t^he  following  errors  are  calculated  for  [a-]  F(a} 
—  db  0.008,  F(l}  =  qp  0.007,  ^(/)  =  =F  0.008,  F(d}  —  =p 
o  004  As  seen,  the  errors  in  [a]  are  of  the  same  order,  so 
that  the  final  accuracy  m  [a]  is  about  ±0.014,  or  o  02  per 
cent.  ;  that  is,  the  specific  rotation  in  this  case  is  found  to  within 
about  VBOOO  °f  *ts  value.  In  all  investigations  one  must  take 

i  Corresponding  to  o  03°  Ventzke. 


account,  m  this  -manner ;  the  degree  of  accuracy  with  wi 
the  different  measurements  may  be  carried  out,  in  order  that 
estimate  of  the  value  ofthejinal  result  is  possible. 

The  chemist  may  reply  that  such  great  accuracy  in 

specific  rotation  is  not  to  be  reached  because  of  the  chemi 

impurity  of  the  substance  investigated     While  this  is  actus 

true  in  very  many  cases,  this  very  fact  should  call  for  more  ac 

rate  work  in  the  determination  of  specific  rotation.     It  is  o 

after  preparations,  which  have  been  made  or  purified  by  differ 

methods,  have  in  turn  been  examined,  with  g  reat  accuracy,  it* 

the  result  that  differences  in  the  specific  rotation  are  found  wh 

lie  quite  outside  the  errors  of  observation^  that  it  may  be  sta 

with  positiveness  that  these  differences  are  due  to  impurities  in  < 

material   investigated.      At   the  present   time,  in  the  gre 

majority  of  cases,  and  especially  in  respect  to  the  cornmon< 

and  most  frequently  studied  bodies,1  we  are  still  quite  uncerta 

whether  the  different  values  in  the  specific  rotation,  found  i 

different  observers,  are  due  to  errors  of  observation  or  to  11 

p unties  in  the  substances.      Along  with  accidental  erroi 

which  follow  from  uncertainties  in  the  observations,  there  a 

tlie  systematic  errors  which  are  due  in  the  main  to  the  pec 

llarities  in  individual  instruments,  and  to  these  the  greate 

attention  must  be  paid.     Considering  the  delicacy  of  instn 

irients  and  methods  to-day,  certainly  no  great  skill  is  require 

to  obtain  results  which  agree  perfectly  with,  each  other  aft< 

repeating  whole  series  of  observations  by  one  and  the  satr 

method ,  but  the  skill  of  the  observer  is  to  be  judged  rather  by  h 

svtccess  in  eliminating  systematic  errors  by  variations  in  methoc, 

ftftd  accurate  investigation  of  the  apparatus  employed.      Bessel' 

statement  cannot  be  too  highly  appreciated,   that  every  piec 

of  apparatus  must  be  twice  constructed,  first  by  the  mstru 

ixupnt-maker,  then  by  the  observer ;   which  is  to  say,  that  be 

fore  use  every  measuring  instrument  must  be  accurately  investi 

g-ated  as  to  its  errors. 

p"or  fuller  details  concerning  calculation  of  errors,  see  Kohl 
rausch's  "Praktische  Physik,"  1896,  p  i  to  27,  or  Ostwald'i 
* '3?iiysiko-chemische  Messtmgen,"  1893,  p.  i  to  18  (conside 
especially  page  9). 

i    See,  for  example,  the  constants  of  rotation  of  cane-sugar,  tartanc  acid,  alkaloids 
etc,,  given  in  Part  VI 


PART  FIFTH 


Practical  Applications  of  Optical  Rotation 

i.  Determination  of  Cane-Sugar .    Saccharimetry 

A    Determination  of  Sugar  with  Instruments  having-  a  Circular 

Graduation 

174.  By  aid  of  the  polaristrobometers  described  in  §98  to 
§121,  the  concentration  c  or  the  number  of  grams  of  sugar  in  a 
solution,  may  be  found  by  the  following  formula,  where  we 
measure  the  angle  of  rotation  aD  for  a  layer  /  decimeters  in 
length 


c  = 


As  shown  by  Table  II  on  page  465,  to  follow,  we  can  take  for 
the  specific  rotation  of  cane-sugar  the  constant  value  [or]  D  =  -{- 
66  5,  for  all  concentrations  below  c  ==  30  This  is  sufficiently 
close  for  practical  work,  as  t  may  be  found  from  it  with  accu- 
racy to  o.oi  or  0.02.  If  this  number  is  substituted  in  the  above 
equation,  there  follows, 

c  —  i  504  -~ 
For  a  2  dm,  tube 

C  —  O  752  OLD    .  i 

The  percentage  amount  of  pure  sugar  in  a  solid  saccharine 
body,  of  which  P  grams  have  been  dissolved  to  make  100  cc  , 
and  which  is  examined  in  an  instrument  with  circular  gradu- 
ation, is  given  by  the  proportion, 

P ':  0.7520:  •    100   x , 

*—  75.2«/> 
x-       p     . 

175.  If  we  have  to  analyze  very  strong  sugar  solutions,  or  if 
the  greatest  degree  of  accuracy  is  desired,  then  the  change  in 


..*,     j«.u  A  A.  J.  iUJN 


the  specific  rotation  [ct~\  with  the  concentration  must  be  1 
mto  consideration.     The  following  formulas  are  given  to 
the  dependence  of  the  specific  rotation  of  cane-sugar ,  01 
percentage  strength  p : 

I.  [«]g  —66.386  +  o  015035^  -  o-ooosgBe^Tollens.)1 
II  [a-]  £  =  66438  +  o  010312^  —  0.0003545 /»a(Nasini  and  Villavec< 
The  following  table  (Table  I)  contains  in  columns  d  a 
the  specific  rotations  calculated  according  to  the  above  form 
and  corresponding  to  percentage  amounts  of  sugar  (colunn 
increasing  from  5  to  Super  cent 

TABI,E  I 


a 

b 

c 

d. 

e 

f. 

Sp  gr  d*>U 

Con- 

Specific rotation  [a]™. 

Per 

Interpolated 

centration 

from  the 

(c*=p  d 

amount 

nearest 
values  of 

according  to 
Tollens) 

Calculated  by 
Formula  I 

Calculated  by 
Formula  II 

Calculate 

Tollens 

(Tollens).  re- 
ferred to 

(Nasim),  re- 
ferred to 

referred 

P 

d 

c 

P 

> 

c 

5 

1.01786 

5.0893 

66.451 

66.480 

6647. 

IO 

1.03819 

10.3819 

66496 

66.506 

66.$<x 

15 

I  05926 

15.8889 

66  522 

66513 

66.51  A 

20 

I  08109 

21.62X8 

66.527 

66.502 

66.51; 

25 

I.I0375 

27  5938 

66.513 

66474 

66.496 

3° 

I.I272I 

33.8163 

66.479 

66.428 

66460 

35 

J.I5I53 

40.3036 

66  424 

66.365 

66404 

40 

1.17676 

47.0704 

66.350 

66.283 

66324 

45 

1.20288 

54.1296 

66.256 

66184 

66217 

50 

1.22995 

61.4975 

66.142 

66.067 

66081 

The  values  in  columns  d  and  e  may  be  used  when  the  p 
centage  amount  of  sugar,  p,  in  100  parts  by  weight  of  a  sol 
tion  is  to  be  found,   but  the  specific  gravity  must  also 
known.     We  find  p  from 


_ 

t<*  Kl  ' 

We  proceed  in  this  way.     An  approximate  value  for  [a]' 
substituted  and  p  calculated;  then  the  exact  value  of  [a] 

>  See  Part  VI,  Constants  of  Rotation 
"  See  next  page 
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taken  from  the  table  or  is  interpolated,  and  on  substitution  of 
this  in  the  formula  the  exact  value  of  p  may  be  found. 

But  the  case  is  much  more  common  in  which  we  desire  to 
find,  not  the  percentage  amount,  but  the  concentration  of  a 
solution.  The  formula  given  above, 

C  "*-"' 


possesses  this  advantage  that  the  specific  gravity  of  the  sugar 
solution  investigated  need  not  be  known,  and  that  at  the  same 
time  the  latter  may  contain  inactive  substances  also  along  with 
the  sugar.  As  up  to  the  present  time  we  have  had  no  formula 
which  presented  the  specific  rotation  of  cane-sugar  as  depend- 
ent on  the  concentration,  the  following  new  one  has  been  cal- 
culated from  the  observations  of  Tollens  and  Nasini . 
Ill  [tf]/?  —  66.435  +  o  00870  c—  o  ooo  235  c1  (holds  for  c—  o  to  65). 

The  values  of  [«] ,  according  to  this  formula,  are  given  in 
column  f  of  the  above  table  opposite  the  corresponding  values 
from  Formulas  I  and  II. 

It  will  be  recognized  that  all  the  values  from  Formula  III 
he  within  those  from  the  formulas  of  Tollens  and  Nasmi.  As 
the  latter  differ  from  e,ach  other  only  by  amounts  which  cor- 
respond to  the  unavoidable  errors  of  observation,  Formula 
III,  for  the  concentration,  possesses  a  degree  of  accuracy  which 
satisfies  all  practical  requirements. 

The  specific  rotation  of  sugar  solutions  with  from  i  to  65 
grams  of  sugar  in  100  cc  is  then  given  by  the  following  : 

TABLE  II 


c 

MS. 

Diff  for 

C=  I 

c 

MS- 

Diff  for 

c  —  i 

I 
5 

10 

15 

20 

25 
30 

+  66  443 
66473 
66,499 
66513 

66515 
66506 
66485 

-1-  o  0075 

+  00052 

-f  o  0028 
+  o  0004 
—00018 
—  o  0042 
—  o  0066 

35 
40 

45 
50 

55 
60 

65 

+  66.452 
66407 
66351 
66283 
66.203 
66  1,1  1 
66007 

—  0.0090 
—  O.OII2 
—  0.0X36 
—  OOI6O 

—  o  0184 

—  0.02O8 

The  following  example  shows  that  the  change  in  the  specific 
rotation  is  marked  enough  to  appreciably  affect  the  results  of 
optical  analysis  with  solutions  of  considerable  concentration. 
30 


Let  a  rotation  of  83.11°  be  found  with  a  2  dm.  tube  A< 
ingly,  the  concentration  would  be  0.752  X  83.11  =  62.55 
of  sugar  in  100  cc  But,  according  to  the  table,  the  sj 
rotation  of  sugar  for  this  concentration  is  66.06.  The 
concentration  will  then  be  found  from  the  equation  : 


B.  Determination  of  Cane-Sugar  with  Application  of  W> 

Compensation  Instruments  and  the  Ventzke  Scale. 
176.  These  instruments  which  have  been  described  in  < 
m  §122  to  §137  are  the  only  ones  practically  employed  i 
sugar  industry.     In  the  course  of  time  many  different  direc 
have  been  given  for  the  manner  of  using  them,  as  well  £ 
the  preparation  of  solutions  of  different  saccharine  substa 
but  at  the  same  time  experience  has  shown  that  in  the  re 
of  different  observers  differences  are  often  found,  the  cau 
which  must  lie  in  the  lack  of  uniformity,  in  methods  of 
cedure.     In  consequence  of  this,  it  has  become  necessary 
the  side  of  the  sugar  chemist,  as  well  as  from  that  of  rev 
administration  to  establish  definite  methods,  and  this  has 
recently  done  by  the  Rules    of  Procedure  provided  by 
German  Sugar  Tax  I^aw  of  May  27,  1896,  appendices  A,  I 
and  E)      The  provisions  in  the  last  are  based  in  part  on  man 
vestigations  earned  out  in  the  laboratory  of  the  Societ: 
Promotion  of  the  German  Beet-Sugar  Industry,  and  par 
larly  those  of  Herzfeld,1  and  partly  on  decisions  reached  ir 
meetings  of  societies  of  commercial  chemists  2 

1  See  especially  the  following  Herzfeld  Ztschr  Rubenzucker-Ind.,  40,  167 
(irfgo),  "Die  Bestimmungdes  Zuckergehaltes  der  Handelswaare  ,"  41,  685  (1891),  ' 
des  Invertzuckers  in  Melassen  ,"  42,  147  to  259  (1892),  "Ueberdie  meckmassigst 
der  Werthschatzung  des  Rohzuckers  ,"  43,  (1893),  "Die  Wasserbestimmung  im 
zucker  "  Also,  Hainmerschmfdt  Ztschr  Rubenzucker-Ind  ,  40,  465  (1890),  "V 
gememerung  der  Clerget'schen  Methode  "  41,  157  (1891),  "Bestimmung  der  Sacch 
mittelst  der  Inversionsmethode  "  Besides  these,  many  other  papers. 

3  See  Ztschr  Rubenzucker-Ind  ,  36,  6  (1886),  "Bencht  uberdie  Sitzung  derli 
zucker-Commission  m  Magdeburg  vom  5  Dec  ,  1885,"  and  page  11  appendix  to  tins 
439  (1890),  "Ruudscbreiben  vom  6  Juh,  1890,  an  die  Handelschemiker,  betr  die  Be 
muu#  der  Raffinose  und  des  Invertzuckers  ,"  page  443,  "Anleitung  zurBesUmi 
des  Gehaltes  an  Raffinose  und  Invertzucker  in  den  Producten  der  deutschen  R 
zuckerfabrlkation  ,  "  page  446,  "Arbeitsvorschrift  fur  die  Invertzuckerbestimmu 
45,  73(1895),  Allg  Theil,  "Bencht  uber  die  Versamnilung  der  Handelschemiker 
12  Mara,  1895,  m  Berlin,  "46,  180  (1896),  Allg  Theil,  "Sitzung  der  ComniisMoi 
Handelschemiker  behufs  Prufung  von  Norrualquarzplatten  zur  Controle  der 
chanmeter  " 


SACCHARIMETRY  467 

177.  For  the  work  in  hand,  it  appears  most  practical  to  give 
below  an  exact  reprint  of  the  four  appendices  of  the  sugar  tax 
law  referred  to  (in  the  order,  C,  A,  B,  and  B).1 

[Note  by  Translator. — Although  the  directions  given  below 
apply  in  some  cases  to  German  conditions  only,  it  was  thought 
best  to  allow  them  to  stand  as  written,  inasmuch  as  they  are 
suggestive  and  have  been  pretty  generally  followed  in  the  prac- 
tice of  other  countries.  Permission  was  given  by  the  author 
to  modify  this  section  at  the  discretion  of  the  translator,  but 
instead  of  doing  this,  attention  will  be  called  to  the  following 
books  and  pamphlets  where  other  details  may  be  obtained  . 

Wiley's  "Agricultural  Analysis  "  Vol  III.     Parts  2  and  3. 

Allen's  "Commercial  Organic  Analysis."  Vol.  I,  3rd  ed. 
P.  243-379 

"  Methods  of  Analysis  adopted  by  the  Association  of  Official 
Agricultural  Chemists."  1898  p.  27-40. 

"  Revised  Regulations  Governing  the  Sampling  and  Classi- 
fication of  Imported  Sugar  and  Molasses.  U.  S  Treasury 
Department."  Document  No.  2113.] 

Appendix  C 
DIRECTIONS  FOR  MAKING  THE  POLARIZATIONS 

Polariscope  — In  making  polarizations  for  the  purpose  of  revenue 
assessment,  theVentzke-Soleil  color  apparatus  or  a  half-shadow  saccha- 
rimeter  only  may  be  employed.  For  both  instruments,  one  degree  of  rota- 
tion in  a  200  mm  tube,  at  17  5°,  corresponds  to  a  strength  of  o  26048 
gram  of  sugar  in  100  cc  of  liquid  ,2  a  sugar  solution  which  contains  26  048 
grams  in  100  ccl — the  so-called  normal  weight — produces  accordingly  a 
rotation  of  100°.  Therefore,  when  a  solution  of  a  substance  is  examined 
in  a  200  mm.  tube,  and  it  contains  26  048  grams  dissolved  to  make  100  cc  , 
the  degrees  of  the  scale  indicate  the  percentage  amount  of  sugar  present 
If  only  the  half  of  this  normal  weight  is  dissolved,  the  number  of  degrees 
read  off  must  be  doubled  to  obtain  the  correct  per  cent,  of  sugar  The 
same  is  true  for  those  cases  in  which  the  examination  is  made  in  a  100 

i  Taken  from  Ztschr  Rubenzucker-Ind ,  46,  410  to  427,  and  435  to  439  (1896) 
The  description  of  all  other  methods  employed  in  the  laboratories  of  sugar  facto- 
ries may  be  found  in  the  work  of  Friihlmg  and  Schulz  "Anleitung  zur  Untersuchung 
der  fiir  die  Zuckenndustrie  in  Betracht  kommenden  Rohmateriahen,  Froducte, 
Nebenproducte  imd  Hiilfssubstanzen,"  Braunschweig,  Friedr  Vieweg  &Sohn,  1897 
Fifth  edition 

*  Mohr  cubic  centimeters  are  referred  to.  See  §126  of  this  book.  If  flasks  are  used 
which  are  graduated  in  true  cubic  centimeters,  the  normal  weight  is  25  987  grams  in- 
stead of  26,048  grains.  See  §126  and  Ztschr.  Rubenzucker-Ind.,  41,  514  (1891)  and  46, 
180  (1896) 
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mm.  tube.  On  the  other  hand,  in  investigations  where  the  double  i 
weight  is  examined  in  a  200  mm.  tube,  or  -where  the  simple  i 
weight  is  examined  in  a  400  mm.  tube,  it  is  necessary  to  take  h 
number  of  degrees  read  off 

The  investigations  are  to  be  made  as  nearly  as  possible  at  th 
scribed  normal  temperature ,  but  slight  deviations  may  be  neglecte 

Proceed  as  follows  in  polarizing 

Weighing  out  and  Dissolving  the  Sam pie ,   making  up  to  to 
The  tare  of  the  weighing  receptacle  for  the  sugar,  preferably  a  p 
copper  foil  bent  up  on  two  sides,  is  found  on  an  accurate  balanc< 
then  the  normal  weight  of  the  sugar,  26  048  grams  is  weighed  out 
matter  of  convenience  a  weight  is  used  for  this  which  is  adjusted 
normal  weight.    In  case  the  sugar  sample  which  is  to  be  tested 
homogeneous,  it  is  necessary  before  weighing  to  break  any  lumps  p 
and  mix  thoroughly  by  rubbing  with  a  pestle  or  with  the  hand, 
necessary  to  make  the  weighing  quickly  because,  otherwise,  esp< 
111  warm  rooms,  water  may  be  given  off  during  the  process,  an 
would  increase  the  polarization.    The  sugar  weighed  out  is  shaker 
the  copper  foil  through  a  brass  funnel  into  a  roo  cc  flask;  any  rem< 
particles  are  washed  down  with  about  80  cc  of  distilled  water  from  a 
bottle,  having  the  room  temperature,  and  then  the  liquid  in  the  fl 
gently  shaken  until  all  is  dissolved,  larger  lumps  being  broken  ^ 
glass  rod     Any  insoluble  residue,   such  as  particles  of  sand,  m 
recognized  as  they  cannot  be  crushed  by  the  rod.    In  withdrawn! 
rod,  the  adhering  sugar  solution  is  rinsed  down  with  distilled  ' 
Then  the  volume  of  liquid  in  the  flask  is  brought  exactly  to  the  i 
mark  with  distilled  water     The  flask  is  held  in  vertical  position  at 
water  added  drop  by  drop  until  the  lower  edge  of  the  meniscus 
neck  of  the  flask  is  exactly  even  with  the  mark  when  this  is  hel< 
level  with  the  eye.     After  filling,  the  neck  of  the  flask  is  dried  with 
paper  and  then  the  liquid  is  well  mixed  by  shaking 

Clarification. — Sugar  solutions,  which,  after  the  filtration  to  I 
scribed  below,  are  not  clear  or  are  so  highly  colored  that  they  ar 
sufficiently  transparent  in  the  polarization  apparatus,  must,  before  J 
to  the  mark,  be  clarified  or  decolorized. 

When  a  color  instrument  is  used  10  to  20  drops,  or  when  necessary, 
more,  of  basic  lead  acetate  solution  is  added  from  a  small  pipette  or  s 
wash-bottle,  the  amount  depending  on  the  nature  of  the  sugar  an 
intensity  of  the  light  from  the  illuminating  lamp  emploj'ed  If  c 
cation  cannot  be  accomplished  in  this  way,  the  addition  of  an  equa 
ume  of  alum  solution  follows  the  lead  acetate,  or  a  few  cubic  centm 
of  alum  solution  may  be  added  first,  and  then  a  larger  volume  of  the 
lead  acetate  solution  than  before,  until  a  filtrate  is  secured  which  is  n 
white  or  yellowish  white  If  the  solutions  cannot  be  clarified  in  this 
then  basic  lead  acetate  alone  is  used  and  the  filtrate  is  mixed  wit] 
smallest  amount  of  extracted  blood  charcoal  ( i  to  3  grams  at  mos 


with  bone-black  dried  at  120°.  In  this  case,  the  polarization  must  be  in- 
creased by  the  amount  of  the  absorption  coefficient  of  the  charcoal  which 
must  be  found  when  it  is  purchased 

If  a  half -shadow  apparatus  is  employed,  the  addition  of  3  to  5  cc  of  a 
thin  alumina  cream  along  with  a  little  basic  lead  acetate  is  usually  suffi- 
cient Only  when  the  sugar  solutions  are  very  highly  colored  is  it  neces- 
sary to  employ  the  same  clearing  method  given  for  the  color  instrument 
It  is  scarcely  necessary  to  proceed  to  the  application  of  blood-  or  bone- 
charcoal  for  the  half-shadow  instruments,  since  rather  dark  sugar  solu- 
tions may  be  polarized  in  these. 

After  clarification,  the  inside  of  the  neck  of  the  flask  is  washed  down 
with  water  from  a  wash-bottle  and  the  solution  is  made  up  to  the  mark  in 
the  manner  described  Then  any  drops  of  water  clinging  to  the  inside 
of  the  neck  are  wiped  out  by  aid  of  filter-paper,  and  the  contents  are 
thoroughly  mixed  by  shaking  after  closing  the  neck  with  the  finger 

With  reference  to  clarification,  the  following  general  remarks  hold  for 
both  kinds  of  instruments  : 

1  The  greater  the  intensity  of  the  light  used  with  the  instrument,  the 
less  will  be  the  decolonzation  required  by  the  liquid.  Petroleum,  gas, 
incandescent,  or  electric  lamps  constructed  for  the  purpose  may  be 
used.  With  half -shadow  instruments,  it  is  necessary  to  purify  the  light 
from  other  than  yellow  rays  by  aid  of  a  chromate  plate  or  chromic  acid 
solution  furnished  with  the  apparatus     With  application  of  incan- 
descent gas  light  this  addition  is  always  necessary 

2  When  using  basic  lead  acetate  for  clarification,  a  large  excess  must 
never  be  added      With  a  little  practice,  one  learns  when  to  stop  with 
the  acetate     But,  if  too  much  basic  lead  acetate  has  been  added, 
the  excess  must  be  precipitated  by  addition  of  alum  solution  in  the 
manner  shown  above 

3  The  action  of  the  clearing  solutions  is  the  stronger,  the  more  per- 
fectly the  mixture  is  shaken  after  filling  to  the  mark 

Filtration. — Proceed  next  to  filtration  of  the  liquid,  which  is  done 
by  aid  of  a  paper  filter  in  a  glass  funnel  The  funnel  is  placed  over  a  so- 
called  filtering  cylinder  which  receives  the  liquid,  and  during  the  opera- 
tion is  covered  with  a  glass  plate,  or  watch-glass,  to  prevent  evapora- 
tion The  funnel  and  cylinder  must  be  perfectly  dry  ,  any  moisture 
present  would  have  the  effect  of  diluting  the  100  cc. 

It  is  convenient  to  have  the  filter  large  enough  to  receive  the  whole 
too  cc  of  liquid  at  one  tune  ,  it  is  also  recommended,  unless  the  paper  is 
very  thick,  to  use  a  double  filter.  The  first  drops  which  pass  through  are 
thrown  away,  as  they  are  turbid  and  modified  by  the  moisture  of  the 
paper.  If  what  follows  is  also  turbid,  it  must  be  returned  to  the  funnel 
until  a  clear  filtrate  runs  through.  It  is  absolutely  necessary  to  observe 
these  precautions,  because  an  accurate  polarimetnc  observation  can  be 
made  only  with  a  clear  liquid. 

Filling  the  zoo  mm.  Tube. — After  a  clear  solution  is  secured  m  the 
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manner  described  above,  the  tube  which  is  used  in  the  polanmetnc  i 
mmation  is  filled  with  the  liquid  necessary  from  the  filtrate  i 
cylinder 

As  a  rule,  a  200  mm  tube  is  employed  ,  but  with  solutions,  whi< 
spite  of  all  efforts  at  clarification,  are  still  turbid  or  dark,  a  100  mm 
is  preferable. 

These  observation  tubes  are  made  of  brass  or  glass  ,  they  are  clos 
both  ends  by  means  of  round  glass  plates,  so-called  cover-glasses 
cover-glasses  are  held  by  means  of  screw  caps,  or  by  a  spring  cap  v 
is  shoved  over  the  tube  and  is  held  in  place  by  the  spring. 

The  tubes  must  be  most  carefully  cleaned  and  dried.    The  cleani 
most  easily  accomplished  by  washing  with  water  and  then  by  pushiiij 
wads  of  filter-paper  through  them  by  aid  of  a  wooden  rod     The  c 
glasses  must  he  polished  perfectly' bright  and  must  not  show  any  in 
feet  places  or  scratches     Avoid  warming  the  tube  by  the  hand  when 
filled.    Therefore,  hold  the  tube,  which  is  closed  below,  by  only 
fingers,  and  fill  it  so  the  liquid  meniscus  projects  above  the  upper  opei 
then  wait  a  short  time  to  allow  any  air  bubbles  to  escape  and  push  01 
cover-glass  from  one  side  in  a  horizontal    direction     The  cover-j 
must  be  put  on  so  quickly  and  carefully  that  no  air  bubble  can 
under  it     If  it  is  not  satisfactorily  done  the  first  time  the  operation  ] 
be  repeated,  after  having  cleaned  and  dried  the  cover-glass  and  fillet 
the  meniscus  with  a  few  drops  more  of  liquid.     After  bringing  the  cc 
glass  in  place,  the  tube  is  closed  with  the  cap     If  this  is  accompli1 
by  a  screw  cap  the  greatest  care  must  be  taken  to  turn  it  on  only  s< 
as  is  necessary  to  hold  the  cover  in  firm  position  ;  if  it  is  pressed  too  h 
the  cover-glass  may  become  optically  active  and  an  incorrect  resul 
found  on  polarization     If  the  screw  has  been  turned  too  far,  it  is 
sufficient  simply  to  loosen  it,  but  some  time  must  be  allowed  to 
before  the  polarization  can  be  made,  since  the  glass  often  loses  the 
parted  polarizing  power  but  slowly     To  be  perfectly  certain,  the  of 
vation  should  be  repeated  several  times  after  intervals  of  ten  mint 
until  the  result  shows  no  further  change 

Preparation  of  the  Instrument  for  Observation  — After  filling 
tube  it  should  be  held  up  toward  the  light  to  see  if  the  field  of  \ 
appears  perfectly  round,  and  if  any  part  of  the  rubber  ring  placed  ur 
the  cap  to  dimmish  the  pressure  on  the  cover-glass  extends  over  the  oj 
ing  in  the  metallic  ring     If  the  rubber  is  found  to  project  in  this  w* 
new  dry  tube  with  a  larger  ring  opening  should  be  taken  and  filled  an 
The  apparatus  is  then  made  ready  for  the  observation.    It  should 
placed  in  a  room,  the  windows  of  which  may  be  darkened  as  far  as  pc 
ble  by  curtains,  so  that  the  eye  will  not  be  disturbed  by  outside  li 
during  the  observation     Care  should  be  taken  to  have  the  lamp  wr 
furnishes  the  light  for  the  apparatus  in  good  condition.    The  lam 
placed  at  a  distance  of  15  to  20  cm  from  the  instrument,  and  after  hj 
ing  it,  wait  at  least  a  quarter  of  an  hour  before  beginning  the  observatic 
Any  changes  in  the  character  of  the  flame,  as  well  as  a  change  of  dista 
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between  the  lamp  and  polanscope,  or  turning  the  wick  or  the  flame  up 
or  down,  or  any  movement  or  turning  of  the  lamp,  affects  the  results  of 
the  observations.1 

By  moving  the  telescope  at  the  front  end  of  the  instrument  it  is  so  ad- 
justed that  the  hair  hue,  which  divides  the  field  of  view  into  two  halves, 
appears  clearly  defined.  The  eye  should  not  be  held  right  at  the  ocular 
of  the  telescope,  but  at  a  distance  of  i  to  3  cm.,  and  during  the  observa- 
tion the  whole  body  should  be  in  a  perfectly  comfortable  position,  since 
any  unnatural  position  leads  to  a  strain  which  disturbs  the  eye  If  the 
apparatus  is  properly  adjusted  the  field  of  view  is  round  and  sharply  de- 
fined. One  should  not  be  satisfied  with  a  partial  fulfilment  of  these 
conditions,  but  should  change  the  position  of  the  instrument,  the  lamp 
or  the  telescope,  as  necessary,  until  the  desired  end  is  reached. 

Zero  Point  Adjustment  — Then  proceed  to  the  determination  of  the 
zero  point  With  beginners  it  is  advisable  to  place  a  tube  filled  with 
water  in  the  instrument,  as  thereby  the  field  of  view  is  enlarged  and  the 
observation  made  easier 

With  a  color  instrument,  finding  the  so-called  transition  tint  precedes 
the  actual  zero  point  adjustment  To  this  end  the  screw  head  on  the 
right  of  the  apparatus  is  turned  until,  with  a  little  practice,  a  certain 
easily  recognized  light  blue  or  blue  violet  shade  is  secured  at  about  the 
right  j-ero  position 

The  sharp  zero  point  adjustment  is  made  by  turning  the  screw  head 
under  the  telescope,  to  and  fro,  until,  at  the  right  point,  the  two  halves 
of  the  field  of  view  have  the  same  tint  in  a  color  instrument,  or  are  equally        *• 
dark  in  a  half-shadow  instrument 

The  result  of  the  zero  point  adjustment  is  determined  in  the  same  man- 
ner in  both  forms  of  instrument  This  result  is  read  off  on  the  gradu- 
ated scale  piovided  with  a  vernier,  by  means  of  an  observing  telescope, 
the  scale  being  sharply  illuminated  by  aid  of  a  candle  flame  On  the 
fixed  vernier  ten  divisions  correspond  in  length  with  nine  divisions  on 
the  scale  ,  the  zero  point  of  the  vernier  shows  the  whole  number  of  de- 
grees, while  the  vernier  divisions  serve  to  determine  the  tenths  to  be 
added.  If  the  ?ero  point  of  the  apparatus  is  correctly  adjusted  the  point 
indicating  it  must  coincide  with  the  zero  of  the  vernier  If  this  is  not 
the  case  the  deviation  must  be  noted  and  afterwards  must  be  used  to  cor- 
rect the  polarization  reading. 

One  must  not  be  satisfied  with  a  single  zero  point  reading,  but  five  or 
six  readings  are  made,  and  the  mean  of  the  deviations  is  calculated  If 
single  readings  show  a  variation  of  more  than  three-tenths  of  a  division 
from  the  mean,  they  are  left  out  of  consideration  as  incorrect.  Between 
two  readings  the  eye  should  be  allowed  to  rest  twenty  to  forty  seconds. 

If  a  number  of  analyses  are  to  be  made  in  succession  it  is  not  necessary 
to  find  the  zero  point  before  each  one,  but  it  is  sufficient  if  this  is  done 
after  the  lapse  of  an  hour. 

\  This  is  not  the  case  if  the  path  of  the  rays  through  the  instrument  u  correct, 
according  to  §96  of  this  book.    See  also  §129 
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Polarisation  of  the  Solution.— After  the  zero  point  has  been  foun 
tube  is  filled  with  the  sugar  solution  and  placed  in  the  apparatus.  The 
scope  is  again  focused  until  the  dividing  line  between  the  fields  i 
tinctly  visible  and  a  perfectly  round  image  of  the  field  of  view  is  sec 
If  the  field  appears  dim,  even  after  change  in  the  focus,  it  is  necessE 
repeat  the  work  from  the  beginning.  But  if  a  clear  image  is  obtaine 
screw  head  under  the  telescope  is  turned  until  uniformity  in  tint 
cuierl  in  a  color  instrument,  or  agreement  in  shade  in  the  half-sh, 
instrument  Then  the  nearest  number  of  degrees  is  read  off  on  the 
and  the  tenths  on  the  vernier.  Five  or  six  single  observations  are  i 
as  before,  at  intervals  of  ten  to  forty  seconds,  and  the  mean  of  these  t 
as  the  final  result  of  the  polarization  If  the  zero  point  did  not  stai 
exactly  the  right  place,  the  variation  in  the  reading  must  be  added 
was  toward  the  left,  and  must  be  subtracted  if  it  was  shoved  to  the  rt 
also,  in  case  bone-black  was  employed  in  the  clarification,  a  corre< 
must  be  made  as  explained  above. 

Control  of  the  Apparatus. — Every  polarizing  instrument  must  be  te 
before  its  first  use,  and  also  afterward,  from  time  to  time,  especially 
has  been  shaken  or  jarred,  to  determine  its  accuracy,  and  this  is  don 
finding  the  zero  point  and  examining  the  scale  by  aid  of  so-called  noi 
quartz  plates  whose  polarization  is  known.    The  test  may  be  made 
by  use  of  26  048  grams  of  pure  sugar,  the  solution  of  which  should  p< 
ize  exactly  TOO  degrees  when  the  zero  point  is  placed  correctly. 

Append 

DIRECTIONS  FOR  THE  REVENUE  OFFICIALS 
in  testing  sugar  sirups  for  invert  sugar,  and  in  fixing  the  quotient 
sirup  containing  less  than  2  per  cent,  of  invert  sugar. 

i.  Testing  Sugar  Sirups  for  Invert  Sugar 

Exactly  10  grains  of  the  sirup,  previously  made  thin  by  warming, 
weighed  into  a  porcelain  dish  and  brought  into  solution  by  stirring  a 
addition  of  50  cc.  of  warm  water.  As  a  rule,  the  solution  does  not 
qiiire  filtration,  even  if  it  appears  cloudy.  It  is  poured  into  an  Erlenme 
flask  of  about  200  cc  capacity,  or  into  a  correspondingly  large  porcel 
dish,  and  then  50  cc  of  Fehhng  solution  is  added 

The  Fehling  solution  is  made  by  mixing  equal  volumes  of  blue  viti 
solution  (34.639  grams  of  crystallized  copper  sulphate  to  make  500  c< 
and  alkali-Rochelle  salt  solution  ( 173  grams  of  crystallized  Rochelle  i 
in  400  cc. ,  this  solution  mixed  with  100  cc.  of  a  sodium  hydroxide  sc 
tion  which  contains  500  grains  in  a  liter)  The  two  liquids,  which  may 
obtained  from  chemical  dealers,  must  be  kept  separate  ;  of  each  one, 
cc  is  taken  by  a  special  pipette  and  added  to  the  solution  of  the  j,U| 
sirup  with  stirring.  If  a  large  number  of  tests  are  to  be  made  at  one  ti 
the  two  constituents  of  the  Fehling  solution  may  be  mixed  with  ea 
other  m  correspondingly  large  amount,  but  the  use  of  such  a  mixture 
allowable  only  within  three  days,  because  on  longer  standing  it  becon 
valueless  for  analysis 


The  liquid  mixed  with  Fehling  solution  is  heated  in  a  flask  om  gauze 
over  a  Bunsen  burner  or  a  good  alcohol  lamp,  brought  to  boiling  and  kept 
in  ebullition  two  minutes  This  time  of  boiling  must  not  be  shortened. 

Then  the  lamp  is  removed  and  the  liquid  is  allowed  to  stand  at  rest  a 
few  minutes  to  permit  a  precipitate  to  settle  ;  the  flask  is  held  toward  the 
light  to  see  whether  or  not  a  blue  color  remains.  If  there  is  still  copper 
in  the  solution,  which  is  shown  by  a  blue  color,  the  solution  contained 
less  than  2  per  cent  of  invert  sugar 

The  color  is  more  easily  recognized  by  holding  a  sheet  of  white  paper 
back  of  the  flask  and  examining  it  in  reflected  light 

If,  after  boiling,  the  liquid  appears  yellowish  green  or  brownish  it  is 
possible  that  undecomposed  copper  solution  is  still  present,  but  masked 
in  color  by  the  yellowish  brown  color  of  the  sirup  In  such  cases,  pro- 
ceed as  follows  • 

A  small  filter  is  made  of  good  thick  filter-paper,tplaced  in  a  glass  funnel 
and  moistened  with  a  little  water  so  that  it  may  be  pressed  against  the 
edge  of  the  funnel  The  funnel  is  placed  over  a  test-tube  ,  then,  about 
10  cc  of  the  boiled  liquid  is  filtered,  and  to  the  filtrate  about  the  same 
volume  of  acetic  acid  and  one  or  two  drops  of  an  aqueous  solution  of 
potassium  ferrocyanide  are  added  If  an  intense  red  color  appears  in  the 
filtrate,  copper  is  still  in  solution  and  it  is  so  shown  that  the  sirup  con- 
tains less  than  2  per  cent  of  invert  sugar 

2.  Determination  of  the  Quotient  for  Sugar  Sirup  Containing  Less  than 
2  Per  Cent,  of  Invert  Sugar 

The  quotient  (or  coefficient  of  purity)  is  that  per  cent  of  sugar  in  the 
solids  of  the  sirup  which  may  be  calculated  from  the  polarization  and 
'the  specific  gravity  on  the  Bnx  scale 

a    To  Find  the  Specific  Gravity  in  Bnx  Degrees, 

In  a  tared  beaker,  weigh  off  200  to  300  grams  of  the  sirup  to  be  tested 
100  to  200  cc  of  warm  distilled  water  is  added,  the  mixture  is  carefully 
stirred  (to  avoid  breaking  the  glass)  until  the  whole  is  brought  into  solu- 
tion, and  then  the  beaker  is  placed  in  cold  water  until  the  contents  have 
cooled  to  the  room  temperature  Then  the  beaker  is  placed  on  a  balance, 
and  water  is  carefully  added  from  a  wash-bottle  until  the  whole  weight 
of  added  watei  is  just  equal  to  that  of  the  sirup  taken  For  example,  if 
251  grams  of  sirup  were  taken  for  testing,  then  water  must  be  added  until 
the  liquid  weighs  502  grams  After  adding  the  water  the  liquid  is  stirred 
and  filled  then  into  the  specific  gravity  cylinder  so  far  that,  after  immer- 
sion of  the  Bnx  spindle,  it  does  not  reach  quite  to  the  upper  edge  The 
cylinder  must  be  placed  in  a  vertical  position  so  that  the  spindle  will 
float  freely  without  touching  the  sides.  The  spindle  is  immersed  slowly, 
and  care  must  betaken  not  to  moisten  that  part  of  the  stem  which  remains 
above  the  liquid  after  the  spindle  has  come  to  rest  When  this  condition 
is  reached,  the  saccliarometer  degrees  are  read  off  at  the  point  where  the 
liquid  meniscus  cuts  the  stem 
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The  number  of  degrees  read  off  on  the  spindle  holds  for  the  i 
temperature  of  17.5^  C.  If  the  liquid  does  not  happen  to  h&\ 
normal  temperature,  the  degrees  read  off  must  be  corrected  by  aid 
following  table,  after  the  true  temperature  is  found  by  means  of  i 
mometei  attached  to  the  body  of  the  spindle 

After  the  correction,  the  Brix  degrees  are  to  be  rounded  off  in  t 
by  considering  five  or  more  hundredths  as  a  full  tenth,  and  s 
fractions  neglected. 

The  number  of  degrees  read  off  are  to  be  multiplied  by  2,  becau 
liquid  employed  in  the  test  had  been  diluted  with  an  equal  wei, 
water. 

TABI,S  FOR  THE  CORRECTION  OF  BRIX  DEGREES  FOR  TEMPERAS 
THE  NORHAL  TEMPERATURE  (17.5°  C.) 


•2° 

and  at 

cd  V 

ft 

25 

30 

35 

40 

50 

60 

70 

SI 

Brix  degrees 

There  must  be  taken  from  the  saccharometer  readings 

Degrees 

0° 

o  72 

082 

o  92 

098 

I  II 

I  22 

1.25 

I 

5 

059 

o  65 

o  72 

075 

O8o 

088 

o  91 

o 

10 

039 

o  42 

045 

0.48 

o  50 

054 

058 

o 

II 

034 

036 

039 

O4I 

°43 

047 

050 

o 

12 

o  29 

031 

033 

034 

0.36 

0.40 

042 

o 

13 

o  24 

o  26 

0.27 

028 

o  29 

033 

035 

o 

14 

o  19 

0  21 

0.22 

O.22 

023 

0.26 

o  28 

o 

15 

015 

o  16 

0.17 

o  16 

017 

O.ig 

O  21 

o 

16 

O  IO 

0  II 

O  12 

0  12 

O  12 

o  14 

0.16 

0 

T7 

0.04 

004 

0.04 

OO4 

o  04 

005 

0.05 

o 

There  must  be  added  to  the  saccharometer  readings 


18 

003 

003 

003 

0.03 

003 

003    ' 

0.03 

0. 

19 

O.IO 

o  ro 

O  10 

O.IO 

O  IO 

0  10 

008 

o 

20 

o  18 

0.18 

o  18 

o  19 

o  19 

o  18 

015 

o. 

21 

0.25 

o  25 

o  25 

o  26 

o  26 

o  25 

O  22 

o. 

22 

032 

032 

0.32 

0-33 

034 

0.32 

o  29 

o 

23 

o.39 

°39 

039 

0.40 

042 

039 

0.36 

o. 

24 

046 

046 

0.47 

0-47 

050 

0.46 

0.43 

o. 

25 

053 

054 

0.55 

0-55 

058 

054 

051 

o 

26 

060 

o  61 

o  62 

o  62 

066 

o  62 

058 

o. 

27 

068 

068 

0.69 

070 

0.74 

0.70 

065 

o. 

28 

0.76 

0.76 

o  78 

078 

0.82 

0.78 

0,72 

o. 

29 

0.84 

o  84 

086 

086 

0.90 

086 

0.80 

0. 

30 

0.92 

0.92 

0.94 

094 

098 

0.94 

0.88 

0 
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b.    Polarisation 

In  the  polarization  of  sugar  sirups,  because  of  the  dark  color,  the  direc- 
tions given  in  Appendix  C  for  determination  must  be  modified  in  these 
respects 

Only  the  half  weight,  13,024  grams,  is  taken  in  testing  sugar  sirup. 
This  is  weighed  into  a  porcelain  dish  and  treated  with  40  to  50  cc  of 
lukewarm  distilled  water,  and  stirred  with  a  glass  rod  until  it  has  dis- 
solved completely.  Then  the  liquid  is  washed  into  the  flask  and  before 
filling  to  the  mark  is  clarified 

For  the  clarification  about  5  cc.  of  basic  lead  acetate  solution  is  run 
first  into  the  flask.  If  after  the  precipitate  has  settled,  which  follows  in 
a  few  minutes,  the  liquid  is  still  too  dark  the  addition  of  the  lead  acetate 
is  continued  until  the  desired  brightness  is  secured  As  much  as  12  cc. 
of  the  basic  acetate  is  often  required  for  this.  But  it  must  be  observed 
that  the  basic  acetate  must  be  added  in  sufficient,  but  not  in  excessive, 
quantity ;  each  new  drop  added  must  produce  a  precipitate  in  the  liquid 

If  it  is  found  that  the  latter  cannot  be  sufficiently  clarified  by  the  addi- 
tion of  basic  lead  acetate  to  be  polarized  in  the  200  mm  tube,  an  effort 
should  be  made  to  polarize  it  in  the  100  mm  tube  If  this  is  likewise 
impossible  a  new  sample  should  be  prepared,  which  is  treated  with  about 
10  cc  of  an  alum  or  tannic  acid  solution  before  the  addition  of  the  basic 
lead  acetate  ,  these  solutions  produce  heavy  precipitates  with  basic  lead 
acetate,  which  have  a  clarifying  effect  and  permit  the  use  of  larger  quan- 
tities of  the  lead  solution 

After  the  polarization  is  made  the  number  of  degrees  read  off  must  be 
multiplied  by  2,  since  only  the  half-normal  weight  was  taken  for  the  test 
If  a  100  mm  tube  was  employed  in  place  of  the  200  mm  tube  the  num- 
ber of  degrees  read  off  must  be  multiplied  by  4. 

i      Calculation  of  the  Quotient 

If  the  observed  number  of  Bnx  degrees  be  designated  by  B,  and  the 
degree  of  polarization  by  P,  then  the  quotient  is  calculated  by  the  for- 
mula, Q  •=  — g — .  In  stating  the  final  result  smaller  fractions  than  full 

tenths  are  omitted. 

Illustration  of  the  Determination  of  the  Quotient  — 200  grams  of  a 
sugar  sirup  are  diluted  with  200  grams  of  water  The  Bnx  spindle  indi- 
cates 35.2°  at  a  temperature  of  21°  C  ;  from  the  above  table  o  25  must  be 
added  ;  this  gives  then  35. 45°,  or  rounded  off  35  5°,  and  after  multiplying 
by  2,  71°  Bnx  The  polarization  of  the  half-normal  weight  in  a  200  mm. 
tube  gave  25  2°;  the  true  polarization  is  then  25.2  X  2  =  50.4°  The 

quotient  calculated  is  therefore =  70  9. 

Final  Provision 

Revision  reports  must  contain  the  following  data  •  the  result  of  the 
test  for  invert  sugar,  the  number  of  degrees  read  off  on  the  areometer, 


the  temperature  of  the  solution,  the  calculated  areometer  degrees  f 
undiluted  sirup,  the  polarization  for  the  whole  normal  weight  ai 
quotient. 

Appe 

DIRECTIONS  FOR  CHEMISTS 

I  In  determining  the  quotient  for  sirups  containing  2  per  cent,  or 
of  invert  sugar,  and  the  quotient  of  sirups  to  be  examined  for 
nose, 

also, 

II.    In  determining  the  amount  of  sugar  m  crystal  sugar  supposed  t< 
tain  raffinose. 

I.    The  Quotient  for  Sirups 

According  to  the  regulations  provided  by  the  sugar  tax  law  the  c 
nnnation  of  the  quotient  for  a  sirup  shall  be  left  to  a  chemist  when  : 

a  There  is  no  official  properly  qualified  to  determine  the  quotie 
the  point  of  declaration  or  at  the  office  to  which  the  sample  is 

b  The  sirup  contains  2  per  cent  or  more  of  invert  sugar; 

c.  The  one  presenting  the  sample  asks  forthe  calculation  of  the 
tient  from  the  amount  of  pure  sugar  chemically  determined. 

When  samples  are  sent  from  the  revenue  office  to  a  chemist  he  mm 
informed  as  to  which  one  of  the  above  grounds  the  investigation  is  cj 
for,  and  besides  in  cases  coming  under  c  ,  whether  or  not  the  applica 
of  the  raffinose  formula  is  allowable,  according  to  the  directions  o 
section  5  of  the  last  part  of  the  Rules  of  Procedure,  where  2  or  o 
per  cent,  of  invert  sugar  may  be  present 

In  cases  under  a  the  chemist  must  proceed  as  in  Appendix  A  of 
Rules  of  Procedure,  but  with  the  condition  that  the  Brix  degrees  at 
be  found  as  given  in  the  following  section  i 

In  cases  under  b  the  quotient  must  be  found  as  explained  in  the  foil 


section  r 


In  cases  under  c,  as  far  as  the  use  of  the  raffinose  formula  is  allowa 
the  method  of  section  2  below  must  be  followed,  otherwise  the  metho 
according  to  the  provisions  of  section  i  If  the  propriety  of  using 
raffinose  formula  depends  on  whether  or  not  the  sirup  contains  less  0 

^/Tf       invertsaSar'  then  the  sirup  must  be  testedaccordmgto 
method  of  section  i  in  Appendix  A 

n  of  the  Quotient  „  Sirups  Contumng  *  Per  Cent 
More  of  Invert  Sugar 


Jartfc  '  «VfSt  f^0'1  °f  SlrUpS  c<mtain">g  *  per  cent  or  more  of  mv 
sugar  the  Bnx  degrees  must  be  calculated  from  the  spectfc  gravity  of  1 
undiluted  sirup  found  by  aid  of  a  pycnometer  Specinc  Sravltv  of  1 


But  if  a  quotient  below  70  is  found  in  this  preliminary  test  then  the 
exact  determination  of  the  amount  of  sugar  is  called  for.  In  this  it  is 
not  the  saccharose  alone  which  is  to  be  calculated  as  sugar,  as  in  factory 
work,  but  the  invert  sugar  present,  which  is  calculated  to  cane-sugar  by 
the  subtraction  of  1/20,  is  to  be  added  to  the  latter  and  the  sum  then  taken 
as  the  basis  of  the  calculation. 

In  sirups  the  invert  sugar  is  often  inactive,  but  it  may  have  the  normal 
left  rotation  and,  therefore,  make  the  polarization  of  the  cane-sugar  pres- 
ent appear  too  low  For  this  reason  it  is  not  permissible  in  the  exami- 
nation of  sirups,  to  proceed  as  was  suggested  by  Meissl  for  solid  sugar- 
cane sugars,  to  multiply  the  invert  sugar  by  0.34,  and  to  add  the  prod- 
uct obtained  to  the  polarization  If  one  should  proceed  in  this  way,  the 
sugar  content  of  a  sirup  would,  in  many  cases,  be  made  to  appear  too 
high  But  the  possibility  must  always  be  kept  in  mind  that,  in  conse- 
quence of  the  left-hand  rotation  of  invert  sugar,  in  presence  of  much  of 
the  latter  the  cane-sugar  content  will  be  found  much  too  low  In  con 
sideration  of  these  conditions,  it  appears  in  general  that  the  calculation 
of  the  total  sugar  from  the  polarization  and  the  invert  sugar  found  is 
allowable  only  in  those  cases  where  the  amount  of  invert  sugar  does  not 
exceed  a  certain  limit.  As  an  illustration,  in  piesence  of  6  per  cent  of 
invert  sugar  the  polarization  of  beet-sugar  could  be  6  X  °  34  =  2  04 
per  cent,  too  low.  It  is  then  advisable,  in  general,  to  abandon  the  optical 
method  for  sugar  determination  in  sirups  and  to  apply  a  gravimetric 
estimation  for  which  a  method  that  can  be  quickly  carried  out  is  given 
below  under  a 

But  an  exception  must  be  made  when  starch  sugar  is  added  to  the 
sirup  As  we  are  unable  to  determine  accurately  the  amount  of  starch 
sugar  present,  and  as,  in  addition,  the  reducing  power  of  this  sugar,  which 
in  the  commercial  product  corresponds  to  a  content  of  40  to  60  per  cent 
of  dextrose,  remains  practically  constant  under  the  conditions  which  are 
applied  in  the  inversion  of  sirup  for  carrying  out  the  gravimetric  method, 
it  follows  that  in  cases  where  this  sugar  is  added,  the  gravimetnc  method 
for  determination  of  the  total  sugar  content,  or  the  quotient,  can  no  longer 
be  applied.  It  would  lead,  on  the  contrary,  to  gross  errors,  and  sirups 
with  a  quotient  above  70,  with  a  certain  amount  of  starch  sugar  added, 
would  be  made  to  appear,  when  tested  in  this  way,  as  having  a  quotient 
below  70  With  starch  sugar  present,  the  left-hand  rotation  of  the  in- 
vert sugar  no  longer  affects  the  polarization  as  in  the  case  of  unmixed 
sirup,  because  the  starch  sugar  has  a  much  greater  right-hand  rotating 
power  than  the  other  kinds  of  sugars  which  may  be  there  To  guard 
against  mistakes  which  are  easily  possible  with  the  mixing  of  starch 
sugar  and  sirups  having  a  quotient  over  70,  the  total  sugar  content,  in  all 
cases  when  starch  sugar  is  added,  must  be  calculated  from  the  polari- 
zation and  the  invert  sugar  determined  directly ,  as  explained  below,  under 
b 

Every  sirup  which  contains  2  per  cent  or  more  of  invert  sugar  must, 
therefore,  be  tested  to  find  whether  or  not  it  contains  starch  sugar. 
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In  sugar  factories  starch  sirup  is  seldom  added  to  cane-sugar  s 
As  a  rule,  molasses,  which  are  to  be  sent  to  distilleries  or  to  factor! 
the  extraction  of  sugar,  do  not  contain  starch  sugar,  because  such  s 
could  be  worked  only  with  difficulty  in  these  places.  If  the  ch 
making  the  tests  has  reason  to  believe  from  his  knowledge  of  the  < 
or  destination  of  the  sugar  sirup  in  question,  and  after  proper  cons 
tion,  can  assume  with  sufficient  certainty  that  it  does  not  contain  s 
sugar,  then  he  may  omit  the  chemical  tests  which  would  be  calle< 
But,  in  other  cases,  the  chemical  examination  for  starch  sugar  mi 
made  in  the  following  manner : 

The  half  normal  weight  is  dissolved  in  the  100  c&  flask  in  75 
water,  and  inverted  at  67°  to  70°  C  by  addition  of  5  cc  of  hydroc! 
acid  of  1.19  specific  gravity  Then  the  flask  is  filled  to  100  cc  ,  an 
solution  is  decolorized  by  addition  of  J  to  I  gram  of  blood-  or  bone- 
coal  which  has  been  washed  with  hydrochloric  acid,  or,  with  dark  si 
with  even  2  or  3  gtams,  added  directly  to  the  flask  in  dry  conditioi 
blood-charcoal  is  used,  its  absorption  factor  for  invert  sugar  must  t 
termmed,  as  it  is  not  the  same  for  all  kinds,  and  a  corresponding 
rection  made  on  the  polarimeter  reading.  Unadulterated  sirups,  as  f 
by  experience,  show  often  less  than  the  normal  left-hand  rotation,  -v 
at  20°  is  0.327  of  the  original  right-hand  rotation,  but  the  amou 
always  at  least  the  fifth  part  of  the  original  Therefore,  only  such  s 
shall  be  considered  as  mixed  with  starch  sugar  whose  left-hand  rot 
after  inversion  is  less  than  one-fifth  of  the  right  rotation  before  mvei 
For  example,  a  sirup  of  55°  polarization  which,  after  inversion,  sh< 
rotation  of  less  than  — 11°,  or  even  a  right-hand  rotation,  must  be 
sidered  as  mixed  with  starch  sugar 

a.    Sirups  free  from  starch  sugar 

In  sirups  free  from  starch  sugar  the  determination  of  total  sugar 
be  made  in  a  single  operation. 

The  half -normal  weight  (13.024  grams)  is  taken  and  dissolved  in 
cc.  flask  in  75  cc.  of  water,  5  cc.  of  hydrochloric  acid  of  l  19  sp 
gravity  is  added,  and  the  whole  is  warmed  to  67°  or  70°  in  a  water-. 
The  flask  is  kept  five  minutes  longer  at  this  temperature  of  67°  t 
and  is  frequently  shaken.    As  the  heating  requires  two  and  one 
to  five  minutes,  the  whole  operation  will  consume  seven  and  one-hi 
ten  minutes  ,  in  any  event  it  should  be  completed  in  ten  minutes, 
flask  is  filled  to  the  mark  and  50  cc  of  the  too  cc    is  then  diluted 
liter,  and  25  cc.  of  this  dilute  solution  (corresponding  to  0.1628  gra 
substance)  is  taken  in  an  Erlenmeyer  flask  and  neutralized  by  the 
,tion  of  25  cc  of  a  sodium  carbonate  solution  containing  I  7  grams  o 
anhydrous  salt  to  the  liter.    Then  50  cc    of  Fehling's  solution  is  a 
and  the  solution  is  heated  to  the  boiling-point  in  the  same  manner  as  11 
invert  sugar  determination,  and  then  kept  three  minutes  in  ebulli 
The  liquid  should  be  heated  as  quickly  as  possible  by  means  of  a 
triple  burner,  using  wire  gauze  and  sheet  asbestos  with  a  ring  cut  o 


it,  and  should  require  three  and  one-half  to  four  minutes;  when  the 
liquid  begins  to  boil  rapidly  a  single  burner  is  exchanged  for  the  triple 
burner  When  the  boiling  is  complete  the  liquid  m  the  flask  is  diluted 
•with  an  equal  volume  of  air-free  distilled  water  and  the  process  is  con- 
ducted m  general  as  in  the  determination  of  invert  sugar  The  tables 
found  in  the  literature  cannot  be  used  in  the  calculation  of  the  result  be- 
cause they  do  not  obtain  for  invert  sugar,  but  only  for  dextrose,  or  for 
mixtures  of  invert  sugar  and  saccharose  ;  the  cane-sugar  content  of  the 
sirup  corresponding  to  the  copper  obtained  must  be  found  by  use  of  the 
following  table  only,  which  gives  it  directly  in  per  cent  The  calculation 
of  invert  sugar  into  cane-sugar  is  then  avoided  by  use  of  the  table 

TABLE  FOR  THE  CALCULATION  OF  CANE-SUGAR  IN  PER  CENT  ,  CORRE- 
SPONDING TO  INVERT  SUGAR  PRESENT,  FROM  THE  AMOUNT  OF 
COPPER  WEIGHED,  AFTER  THREE  MINUTES'  BOILING, 
WITH  0.1628  GRAM  OF  SUBSTANCE  TAKEN 


Copper 
mg 

Cane- 
sugar 
Per  cent. 

Copper 
mg 

Cane- 
sugar 
Per  cent 

Copper 
mg 

Cane- 
sugar 
Per  cent 

Copper 
mg 

Cane- 
sugar 
Per  cent 

79 

2457 

1  06 

32  76 

133 

4104 

1  60 

4950 

80 

2487 

107 

3306 

134 

4135 

I6l 

•4982 

8l 

25.17 

108 

3336 

135 

41  66 

162 

5013 

82 

25.47 

109 

3367 

I36 

4198 

I63 

5045 

83 

2578 

no 

3397 

137 

42  29 

164 

5076 

84 

26.08 

III 

3427 

138 

42  60 

165 

5T  08 

85 

2638 

112 

3458 

139 

4291 

166 

51  40 

86 

2668 

"3 

3488 

140 

4322 

167 

Si  72 

87 

26  98 

114 

35  19 

141 

4353 

168 

5204 

88 

27  29 

115 

3549 

142 

4385 

169 

5235 

89 

2759 

116 

358o 

143 

4416 

170 

526; 

90 

2789 

117 

36  10 

144 

4448 

171 

5299 

9i 

28  19 

118 

3641 

145 

4470 

172 

5331 

92 

2850 

119 

3671 

146 

45  10 

173 

5363 

93 

2880 

120 

3701 

147 

4542 

174 

5395 

94 

29  10 

121 

3732 

148 

4573 

175 

5427 

95 

2940 

122 

3763 

149 

4605 

176 

5459 

96 

2971 

123 

3794 

ISO 

4636 

177 

5491 

97 

30  02 

124 

38-25 

151 

4668 

178 

5523 

98 

3032 

"5 

38.56 

152 

4699 

179 

5555 

99 

3063 

126 

3887 

153 

4730 

1  80 

5587 

IOO 

3093 

127 

3918 

154 

47.62 

181 

5619 

101 

,    31  24 

128 

3949 

155 

4793 

182 

5651 

IO2 

3i  54 

129 

3980 

156 

4825 

183 

5683 

103 

3185 

130 

40  II 

157 

4856 

184 

5715 

IO4 

3215 

131 

4042 

158 

4888 

185 

5747 

I°5 

3245 

132 

4073, 

159 

49-19 

186 

5779 

Copper 
mg 

Cane- 
sugar 
Per  cent 

Copper 
ing 

Cane- 
sugar 
Per  cent 

Copper 
mg 

Cane- 
sugar 
Per  cent 

Copper 
mg 

( 

S 
P« 

187 

58.11 

207 

6458 

227 

71  19 

247 

7 

188 

58.43 

208 

64.91 

228 

71-53 

248 

7 

189 

S875 

209 

6523 

229 

71  86 

249 

7 

190 

59-07 

2TO 

65.56 

230 

72  19 

250 

7' 

191 

59-39 

211 

6589 

231 

72.52 

251 

7' 

192 

5972 

212 

66.22 

232 

7285 

252 

7' 

193 

60  04 

213 

66.55 

233 

7318 

253 

7« 

194 

60.36 

214 

6688 

234 

73-51 

254 

& 

195 

60  69 

215 

67  21 

235 

7385 

255 

8c 

196 

61  01 

216 

6755 

236 

7418 

256 

8c 

197 

6i.33 

217 

6788 

237 

7451 

257 

81 

198 

6165 

218 

68  21 

238 

7484 

258 

Si 

199 

61.98 

219 

6854 

239 

7517 

259 

81 

200 

6230 

220 

6887 

240 

7550 

260 

82 

20  r 

6263 

221 

6920 

241 

7583 

261 

82 

202 

6295 

222 

6953 

242 

7617 

262 

82 

203 

63.28 

223 

6987 

243 

7651 

263 

83 

204 

63.60 

224 

70  20 

244 

76.84 

264 

83 

205 

6393 

225 

7053 

245 

7718 

265 

83 

206 

64  26 

226 

7086 

246 

77-51 

266 

84 

In  the  calculation  of  the  quotient,  fractions  below  whole  tenth, 
neglected 

Example.  25  cc.  of  the  inverted  sugar  sirup  =  0.1628  gram  of 
stance,  gave  on  reduction  171  mg.  of  copper;  this  corresponds  to  > 
or  rounded  off  52  9  per  cent,  of  sugar.  Assuming  that  the  sirup  sh< 
75  6  Bnx,  its  quotient  is  69.97,  or  rounded,  69  9. 

6.  Sirups  containing1  starch  sugar 

With  sirups  containing  starch  sugar  in  order  to  obtain  the  total  s 
content,  the  plan  must  be  adopted,  as  mentioned  above,  of  adding  tc 
polarization  the  invert  sugar,  which  is  to  be  calculated  from  the  redu 
action  of  the  sirup  on  Fehling's  solution 

In  the  determination  of  the  invert  sugar  in  this  case,  a  prelimi] 
test  mnst  be  made  to  learn  how  much  substance  may  be  weighed  ou 
the  Fehling  solution  would  not  be  sufficient  for  the  10  grams  usu 
taken.  This  is  most  conveniently  done  by  dissolving  10  grams  of  siru 
make  100  cc ,  and  adding  different  amounts  to  several  portion 
Fehling's  solution  of  5  cc  each  in  as  many  test-tubes,  to  one  8  cc 
another  6  cc  ,  to  another  4  cc.,  and  to  the  last  2  cc  On  boiling  now 
first  test-tube  which  is  not  decolorized  shows  the  amount  to  be  taken 
for  example,  reduction  is  not  complete  in  the  tube  with  6  cc  of  the  s 
tion,  then  6  grams  is  the  amount  of  sirup  to  be  weighed  out  for 
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analysis     The  right  amount  of  substance  is  dissolved  in  50  cc.  of  water, 
mixed  with  50  cc  of  Fehhng's  solution  without  previous  clarification  with 
lead  acetate,  boiled  two  minutes  and  then  treated  in  the  usual  manner  for 
the  determination  of  invert  sugar  in  solid  sugar     The  amount  of  invert 
sugar  is  calculated  as  follows 
Let 
Pol.  =  the  polarization  of  the  substance, 

p  =  the  amount  of  substance  taken  for  determination  of  invert 
sugar,  which  yields  Cu  grams  of  copper 

Cu 
The  amount  of  invert  sugar  may  be  taken  approximately  as  —  , 

may  be  represented  by  A     We  find  then  from  the  proportion, 


and 


for  B  the  amount  of  invert  sugar  which  is  present  in  100  parts  of  cane- 
sugar  +  invert  sugar 

The  percentage  amount  of  invert  sugar  in  the  substance  is  given  by 
the  formula 

—  T-  X  -F—  Per  cent,  of  in  vert  sugar, 

in  which  ^is  the  amount  of  substance  taken,  and  Fa  factor  from  the 
table  below 

In  this  table  the  columns  and  lines  are  used,  the  designations  of  which 
come  the  nearest  to  the  values  found  for  A  and  B  ,  at  the  intersecting 
point,  the  factor  F  is  given  ' 

TABI,E  OF  FACTORS  TO  BE  TAKEN  FOR  THE  CALCULATION  OF  INVERT 
SUGAR  IN  PRESENCE  OF  CANE  SUGAR 


Invert  sugar  111 
100  parts  of  total  sugar  —  B 

Milligrams  of  invert  sugar  =  A 

200 

175 

15° 

"5 

IOO 

75 

50 

IOO 

564 

554 

545 

538 

532 

530 

530 

90 

563 

553 

544 

538 

532 

529 

52.9 

80 

562 

552 

54-3 

537 

53  2 

52.7 

52.7 

70 

561 

55  i 

542 

537 

532 

526 

52  6 

60 

55-9 

550 

54i 

53  6 

53.1 

525 

524 

50 

55-7 

549 

540 

535 

531 

523 

52  2 

40 

556 

547 

53.8 

532 

528 

521 

519 

30 

555 

54-5 

53-5 

529 

52.5 

519 

516 

2O 

554 

543 

53-3 

527 

52  2 

51  7 

513 

IO 

54-6 

536 

531 

526 

521 

5i6 

512 

54-1 

53-6 

52  6 

52  I 

51.6 

51  2 

5°7 

53-6 

53-1 

52.1 

51.6 

51-2 

507 

503 

7 

53-6 

531 

521 

51.2 

50.7 

50-3 

498 

6 

531 

52.6 

5i6 

50-7 

503 

49-8 

489 

5 

526 

52  i 

51.2 

503 

49-4 

48.9 

48.5 

4 

52.1 

51.2 

507 

498 

48.9 

477 

469 

3 

507 

50.3 

49.8 

489 

477 

46.2 

45-1 

2 

499 

48.9 

485 

473 

45-8 

433 

40  o 

I 

47-7 

47-3 

465 

45-1 

433 

412 

38.1 
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Example    Assume  that  the  polarization  of  the  sirup  is  86  4,  an< 
for  3  256  grams  of  substance  taken  (^),  the  amount  of  copper  found 
is  0.290,  then 


_  ._ 
'I4S 


ico 

2.958    o  145  —  100 
therefore,  B  =  4  9 

The  nearest  value  in  the  table  to  ^4  =  o  145  is  150  mg  ,  the  numl 
is  the  nearest  to  4.9,  the  invert  sugar  in  100  parts  of  total  sugar  ,  a 
point  of  intersection  of  the  line  5  with  the  column  headed  150  mg 

find  the  factor  51.2.   If  this  is  substituted  in  the  formula  -^  X  f  w 

P 

O  2QO 

tain  —  —^  X  Si-2  =  4  56  per  cent    of  invert  sugar.    Then  the  n 

sugar  is  calculated  to  cane-sugar  by  subtraction  of  1/so,  and  the  resul 
tamed  (456  —  023  —  4.33)  added  to  that  for  the  polarization.  I 
the  sum  and  the  Brix  degrees  the  quotient  is  found  in  the  usual  way 

2.  Determination  of  the  Quotient  in  Sirups  to  be  Examined  for 

Raffinose 

After  the  value  in  Brix  degrees  for  the  sirup  in  question  has  been  fc 
by  the  method  of  section  I,  the  sugar  content  in  the  same  is  found  J 
the  direct  polarization  (P),  and  the  polarization  at  20°,  or  at  a  temj 
ture  very  close  to  this  and  properly  corrected,  after  inversion  (/),  b] 
of  the  following  formula  : 


If  the  amount  of  raffinose  is  to  be  found  in  addition,  this  formu 
used 


The  inversion  is  to  be  made  in  the  manner  described  in  sectio 
under  a. 

Example  For  a  sirup  showing  85  6°  Brix,  76.6°  direct  polarization 
—  3.0°  polarization  after  inversion  (for  the  whole  normal  weight"), 
amount  of  sugar  is  found  as 

05124X766-4-3 

0839  =  5°'4  Per  Ceilt" 

and  the  quotient  is  58.8. 

IL  Determination  of  the  Amount  of  Saccharose  in  Crystal  Sugar  J 
posed  to  Contain  Raffinose 

The  determination  of  the  saccharose  content  of  crystal  sugar  conl 
ing  raffinose  is  made  as  for  sirups  containing  raffinose,  according  to 
directions  in  I,  2 

Only  such  sugars  shall  be  considered  as  containing  raffinose  in  w 
the  difference  between  the  saccharose  content  by  direct  polarization 
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that  found  by  application  of  the  raffinose  formula  is  more  than  i  per  cent, 
for  sugars  of  class  a,  or  more  than  0.6  per  cent,  for  sugars  of  classes  b 
and  c,  because  smaller  differences  may  be  found  in  raffinose  free  sugars 
at  times,  and  possibly  may  be  results  of  errors  of  observation. 

With  differences  of  i  per  cent  or  0.6  per  cent  or  less,  in  the  two 
classes,  the  result  of  the  direct  polarization  is  to  be  taken  then  as  show- 
ing the  real  saccharose  content  of  the  sugar  tested  If  the  polarization  is 
below  90,  a  further  test  is  unnecessary 

In  the  statement  of  the  final  result,  fractions  below  whole  tenths  are  to 
be  dropped.  For  example,  a  sugar  content  of  97  19  is  to  be  rounded  off 
to  97  i. 

Final  Provision 

A  written  certificate  must  be  made  out  for  each  investigation  and  filed 
with  the  office  sending  the  sample  in  question.  Besides  an  accurate 
description  of  the  sample  this  certificate  must  contain 

I.  In  determining  the  quotient  of  sirups  • 

1  In  the  cases  described  under  a  at  the  beginning : 

the  specific  gravity,  the  Brix  degrees  calculated  from  this,  the 
direct  polarization,  and  the  quotient  calculated. 

2  In  the  cases  given  under  b  . 

the  result  of  the  test  for  invert  sugar,  the  specific  gravity, 
the  Brix  degrees  calculated  from  this,  the  direct  polarization  ; 
further,  in  case  a  quotient  below  70  is  found  from  these  data, 
either  a  statement  of  why  a  test  has  not  been  made  for  starch 
sugar,  or  the  result  of  such  a  test  with  figures  for  the  polarization 
found  after  inversion  ,  further,  with  reference  to  sirups  free  from 
starch  sugar  the  amount  of  copper  and  the  calculated  sugar  con- 
tent,  and  for  sirups  containing  starch  sugar  the  amount  of  copper 
found,  the  invert  sugar  content  corresponding  to  this,  the  total 
sugar  content  (polan/ation  -\-  invert  sugar),  and  finally  the 
calculated  quotient, 

3  In  the  cases  falling  under  c  above 

the  resvilt  of  the  test  for  invert  sugar,  as  far  as  this  is  necessary, 
and  then,  in  case  the  application  of  the  raffinose  formula  is  per- 
missible, the  specific  gravity,  the  Brix  degrees  calculated  from 
this,  the  direct  polarization,  the  polarization  after  inversion,  the 
sugar  content  calculated  from  these  data  by  aid  of  the  raffinose 
formula,  and  the  quotient ;  otherwise,  the  data  given  under  2 
above 

II.  In  determining  the  saccharose  content  of  crystal  sugar  supposed  to 

contain  raffinose : 

in  case  the  polarization  falls  below  90,  this  only,  but  otherwise, 
in  addition  the  polarization  after  inversion,  the  sugar  content 
calculated  by  the  raffinose  formula,  and  then  the  resultant 
saccharose  in  per  cent  as  required  by  the  regulations 
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DIRECTIONS 

for  finding  the  amount  of  sugar  in  saccharine  products 
According  to  §3  of  the  rules  for  carrying  out  the  provisions  of 
the  sugar  tax  law,  a  rebate  of  the  sugar  tax  for  saccharine  manufac 
products,  except  in  the  case  of  caramels  containing  starch  sugar,  c 
allowed  only  when  they  are  made  without  the  use  of  honey  or  s 
sugar  While  the  fact  of  not  using  honey  may  be  established  b 
factory  control  and  the  factory  production  books,  the  absence  of  s 
sugar  is  to  be  determined  by  chemical  tests  of  the  products  of  the  fa< 
TShese  investigations  are  to  be  made  according  to  the  directions  in  s« 
i  of  Appendix  C  of  the  Rules  of  Procedure,  but  with  this  provision 
in  sacchanne  factory  products  the  presence  of  starch  sugar  is  to 
sumed  when  the  left-hand  rotation  after  inversion  of  the  solution  i{ 
or  less,  for  every  100  parts  found  in  the  direct  polarization 

The  saccharose  content  of  starch  sugar-free  saccharine  factory 
nets  is  to  be  established  by  different  means,  according  as  they  co 
less  than  2  per  cent ,  or  2  per  cent  or  more  of  invert  sugar  In  c 
quence,  the  test  of  the  product  for  invert  sugar  is  to  be  made  acco 
to  section  i,  of  Appendix  B,  but  with  the  variation  that  the  sugar 
tion  to  be  boiled  with  the  Fehling  solution  shall  correspond,  not 
grams  of  substance,  but  to  10  per  cent  polanzation. 

Of  sacchanne  products  which  contain  less  than  2  per  cent,  of  i 
sugar,  the  saccharose  content  will  be  found  according  to  the  Cl 
method,  in  which  the  inversion  is  to  be  made  exactly  as  given  i 
directions  of  section  i  under  a  in  Appendix  C,  and  from  the  sum  o 
two  polarizations  (before  and  after  inversion)  the  saccharose  con  ten. 
be  found  by  the  formula 

s__         IPO  s 

142.66  —  %.  t ' 

in  which  S  is  the  amount  of  sugar,  s  the  sum  of  the  two  polanza 
for  the  normal  weight,  and  t  the  temperature  at  which  the  polanza 
were  made  The  constant  ( C)  142  66  assumes  the  use  of  the  halj 
mal  weight  (13  024  grams)  of  sugar  m  the  observation,  and  is  to  I 
placed  by  different  numbers  corresponding  to  the  amount  of  subsl 
taken  for  inversion  These  numbers  are  given  by  the  following  tab 


For  grams  sugar 
in  100  c  c 

For  Ctobe 
taken 

For  grams  sugar 
in  100  cc 

For  Cto  be 
taken 

I 

141-85 

II 

14252 

2 

141.91 

12 

I42S9 

3 

141  98 

13 

142.66 

4 

142  05 

14 

14273 

5 

142  12 

15 

142  79 

6 

142  18 

16 

142  86 

7 

142  25 

17 

142.93 

8 

142  32 

18 

14300 

9 

14239 

19 

143-07 

10 

142  46 

20 

143  13 
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9.47°,  and  for  the  whole  normal  weight  to  —  18.94° 


If  there  is  found,  for  example,  a  direct  polarization  of  -f-  30  in  a  200 
tnm.  tube  for  a  solution  of  the  normal  weight  dissolved  to  200  cc  ,  the 
•calculated  direct  rotation  of  the  inverted  solution  containing  75  cc.  of  the 
original  must  be  +  22.5.  As  100  polarization  corresponds  to  26  048  grams 
of  substance,  5.86  grams,  or  rounded  off,  6  grams  of  substance  would  cor- 
respond to  the  -(-  22  5°  ;  according  to  the  table,  then,  the  constant  142  18 
is  to  be  applied.  Assuming  then,  that  a  left-hand  rotation  of  —  7.1°  is 
observed  at  20°,  this  corresponds  for  the  half  normal  weight  to 
—  7.1X100  __ 

75 
As  the  direct  polarization  for  the  whole  normal  -weight  is  +  60,  the  sugar 

•content  is  calculated  as  100  X  — —Q — —  =  59  72  or,  rounded,  59  7  per 

l£}2  To  — —  10 

•cent.,  lower  fractions  than  whole  tenths  being  disregarded. 

The  sugar  content  of  such  products  as  contain  2  per  cent  or  more  of 
invert  sugar  is  to  be  determined  by  the  copper  method  given  in  section 
I  of  Appendix  C  of  the  Rules  of  Procedure.  A  portion  of  the  sugar  solu- 
tion is  inverted  as  there  explained  and  the  amount  of  substance  to  be  em- 
ployed determined  as  in  the  case  of  finding  the  invert  sugar  in  products 
•containing  starch  sugar,  and  then  the  properly  made  solution  is  boiled 
three  minutes  with  Fehling's  solution  The  amount  of  saccharose  cor- 
responding to  the  copper  found  is  given  in  the  following  table 

TABLE  FOR  THE  CALCULATION  OF  CANE  SUGAR  CORRESPONDING  TO 

INVERT  SUGAR  FROM  AMOUNT  OF  REDUCED  COPPER 

AFTER  THREE  MINUTES'  BOILING 


Copper 
mg 

Cane- 
sugar 
mg 

Copper 
mg 

Cane- 
sugar 
mg 

Copper 
mg 

Cane- 
sugar 
mg 

Copper 
mg 

Cane- 
sugar 
mg 

79 

40.0 

96 

483 

"3 

568 

130 

653 

80 

40.5 

97 

488 

114 

57-3 

131 

658 

8l 

41.0 

98 

49-3 

US 

578 

132 

663 

82 

41-5 

99 

49-8 

116 

583 

133 

66.8 

83 

42  o 

100 

50.3 

117 

588 

134 

67.3 

84 

42.5 

101 

50.8 

118 

593 

135 

678 

85 

42-9 

102 

5L3 

119 

59-8 

136 

68.3 

86 

43-4 

103 

Si.8 

I2O 

60.2 

137 

688 

87 

43-9 

IO4 

52.3 

121 

60.7 

138 

69.4 

88 

44-4 

105 

52.8 

122 

61.2 

139 

69.9 

89 

44-9 

106 

53-3 

123 

61  7 

140 

704 

90 

454 

107 

53-8 

124 

62.2 

141 

70.9 

9i 

45-9 

1  08 

54-3 

"5 

62.8 

142 

71-4 

92 

46.4 

109 

548 

126 

63-3 

143 

71.9 

93 

46.8 

no 

553 

127 

63.8 

144 

72.4 

94 

47-3 

III 

55-8 

128 

64-3 

145 

72.9 

95 

47.8 

112 

56.3 

129 

64.8 

146 

73-4 
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Copper 
mg 

Cane- 

sugar 
Tug 

Copper 
mg. 

Cane- 
sugar 
mg 

Copper 
rag. 

Cane- 
sugar 
mg. 

Copper 
mg. 

c 

s 

147 

73-9 

176 

889 

205 

104.1 

234 

I] 

148 

74-5 

177 

89.4 

206 

104.6 

235 

IS 

149 

750 

I78 

89.9 

207 

105.2 

236 

13 

ISO 

75-5 

179 

904 

208 

105.7 

237 

12 

151 

76  o 

180 

91  o 

209 

106.2 

238 

12 

152 

765 

181 

9I-S 

210 

106  7 

239 

12 

153 

770 

182 

92.0 

211 

1073 

240 

12 

154 

775 

183 

92-5 

212 

1078 

241 

12 

155 

780 

184 

93  i 

213 

108.4 

242 

12. 

156 

78.5 

185 

93-6 

214 

1089 

243 

I2< 

157 

79° 

186 

94.1 

215 

109.4 

244 

I2i 

I58 

79'  6 

187 

94.6 

216 

1099 

245 

I2f 

159 

80  i 

188 

951 

217 

1105 

246 

i  at 

160 

806 

189 

957 

218 

lit  i 

247 

I2d 

161 

81  i 

190 

96.2 

219 

in.  6 

248 

127 

162 

816 

191 

967 

22O 

II2.2 

249 

127 

163 

82.1 

192 

97.2 

221 

112  7 

250 

128 

164 

82.6 

193 

.977 

222 

II3.2 

251 

128 

165 

832 

194 

98.3 

2^3 

"37 

252 

129 

166 

83.7 

195 

988 

224 

"43 

253 

130 

167 

84.2 

1  196 

993 

225 

1148 

254 

130 

168 

84-7 

197 

998 

226 

1154 

255 

131 

•   169 

852 

198 

100.4 

227 

"59 

356 

131- 

170 

857 

199 

100.9 

228 

1164 

257 

132. 

171 

86.3 

zoo 

101.4 

229 

117  o 

258 

132 

172 

868 

20  1 

xor  9 

230 

II7-5 

259 

1  33-, 

173 

873 

2O2 

102.5 

231 

118  i 

260 

133-' 

174 

87.8 

203 

103.1 

232 

'  118.6 

175 

883 

204 

103  6 

233 

119  2 

The  percentage  amount  of  saccharose  is  calculated  from  this,  and  ti 
the  total  sugar  content  is  expressed  as  saccharose  and  given  in  terms 
per  cent  of  the  substance 

With  reference  to  the  preparation  of  solutions  of  the  substance  it  n 
be  remarked  that,  as  in  the  case  of  digestion  methods  of  beet  testing 
is  in  general  not  allowable  to  fill  up  a  flask  with  the  solid  substai 
(chocolates,  etc.)  and  water  to  the  mark,  because  the  error  caused  by  1 
insoluble  parts  of  the  solid  would  be  too  great  As  a  rule,  therefore,  i 
solution  is  to  be  made  up  to  a  definite  volume  only  after  filtration  a 
washing  out  of  the  residue. 

With  reference  to  the  investigation  of  saccharine  products,  on  whi 
rebate  is  allowable,  the  following  details  may  be  pointed  out : 


SACCHAJbUJMUVlK.*  T- / 

A.  Chocolates 

It  is  convenient  to  moisten  the  normal  weight  with  alcohol  to  facilitate 
the  subsequent  wetting  with  water,  and  then  to  add  about  30  cc.  of  water 
and  warm  ten  to  fifteen  minutes  on  the  water-bath.  The  liquid  is  next 
filtered  hot,  and  may  run  through  turbid  without  harm  ;  the  residue  is 
washed  with  hot  water.  After  treatment  with  about  10  cc.  of  basic  lead 
acetate  the  filtrate  is  allowed  to  stand  a  quarter  of  an  hour,  then  clarified 
with  alum  and  a  few  drops  of  alumina  cream,  and  finally  made  up  to  a 
proper  volume,  about  200  cc. 

B.  Confectioner's  Wares 

a.  Caramels  (bonbons^  boltjes}  with  exception  of  gum  drops,  which  are 

not  rebatable 

With  regard  to  such  caramels  as  are  declared  by  the  manufacturer  to 
contain  starch  sugar,  it  must  be  determined  by  tests  that  they  show  at 
least  80°  of  +  rotation  and  50  per  cent  of  saccharose  by  the  Clerget  pro- 
cess Otherwise  they  must  be  considered  as  not  entitled  to  rebate 

Caramels  which  are  declared  as  free  from  starch  sugar,  must  be  tested 
for  this  If  no  starch  sugar  is  found  the  further  investigation  is  made  as 
with  white  sugar  candies. 

b   Dragees  (sugar-coated  seeds  and  nuts  with  addition  of  flour) 
Drage"es  are  extracted  as  are  chocolates     They  nearly  always  contain 
invert  sugar, 

c.  White  sugar  candies  (sugar  with  addition  of  ethereal  oils  or  coloring- 
matter} 

The  solid  residue  may  be  neglected  The  normal  weight  is,  therefore, 
filled  directly  into  a  100  cc  flask,  water  aclded  to  the  mark  after  solution, 
and  the  filtration  performed  afterwards. 

d  Porous  products  (mixtures  of  sugar  with  some  binding  substance  as 
white  of  egg,  with  addition  of  a  flavor  or  remedial  agent} 

The  usually  very  small  amount  of  binding  material  (white  of  egg,  gela- 
tin, gum  arable,  tragacanth  or  glue)  is  to  be  removed  by  basic  lead  acetate 
or  alumina 

The  santonin  lozenges,  which  are  classed  among  the  porous  products, 
contain  sodium  santoninate.  The  addition  of  basic  lead  acetate  is  neces- 
sary to  remove  the  santommc  acid 

e   Dessert  bonbons  (creams,  etc  ,  made  of  sugar  and  enclosed  fruits  or 

marmalade^  etc,} 

The  sample  is  dissolved  in  water.  If  but  little  residue  remains  it  may 
be  made  up  to  the  mark  directly ,  otherwise  it  is  necessary  to  filter  first. 

/  Marchpane  mass  and  marchpane  cakes  (sugar  with  crushed  almonds} 
The  material  is  conveniently  rubbed  up  with  cold  water  in  a  porcelain 
1  dish  and  clarified  before  filtration  with  much  alumina  cream.    As  a  rule 
marchpane  is  free  from  invert  sugar. 


g.  Cakes  and  similar  bakers'  wares 

The  sugar  is  extracted  with  alcohol  of  85  to  90  per  cent.    Aft 
oration  of  the  alcohol  the  filtrate  is  tested. 
h.  Sugar-coated  tropical  or  native  fruits,  glace  or  candied  ;  fru 
served  in  sugar  solutions  (marmalades \  pastes ',  compotes ',  jel 
If  the  material  is  solid,  special  pains  must  be  taken  in  the  prei 
of  an  averge  sample  of  homogeneous  composition  \  as  for  exam 
warming  and  stirring.    The  sugar  is  extracted  as  for  g  above.    As 
invert  sugar  is  present 

C.  Alcoholic  Liquors  Containing  Sugar 

The  alcohol  does  not  interfere  with  the  direct  polarization  ,  but 
be  evaporated  before  the  inversion  polarization 

D.  Liquid  Refined  Sugar 

Liquid  refined  sugar  contains  invert  sugar  as  a  rule     The  test 
limited  to  determining  that  there  is  a  total  sugar  content  of  at  ] 
per  cent 

Final  Provision 

A  written  certificate  fur  each  investigation  must  be  handed  to  th 
which  submitted  the  sample,  and  this  must  contain,  besides  at 
descnption  of  the  sample,  data  on  the  methods  and  results  of  ti 
carried  out,  and  the  percentage  amount  of  sugar  calculated  from  tl 

II.  Determination  of  Milk-Sugar 

178.  The  specific  rotation  of  crystallized  milk-s 
C12H22OU  +  H2O,  was  found  by  Schmoeger1  for  solutions 
taining  from  o  to  36  per  cent,  to  be,  at  20°, 

[o:]^  =  52  53  constant 

Exactly  the  same  value  was  found  by  Parcus  and  TOJ 
at  20°  for  solutions  having  a  concentration  of  4.8  to  7.1  g 
in  100  cc.  Schmoeger  found  also  that  in  the  neighborhoi 
20°  the  above  value  of  the  specific  rotation  is  decreased  c 
for  each  degree  of  increase  in  temperature 

As  already  shown  in  §72,  crystallized  milk-sugar  exh 
birotation  immediately  after  solution  which,  however,  ma 
rapidly  changed  to  the  constant  rotation  by  heating  to  i 
On  the  other  hand,  the  sugar  dehydrated  at  100°  exhi 
after  solution  in  cold  water,  at  the  outset  a  lower  rotation  1 
the  normal.  This  is  easily  changed  also  to  the  normal  rota 
by  heating. 

i  Ber  d  chein  Ges  ,  13, 1922  (1880) 

-  Parcus  and  Tollens    Ann  Chem  (I^iebig),  357,  160  (1890) 


For  the  determination  of  milk-sugar  with  instruments  gradu- 
ated in  angular  degrees  we  have 

T      Tao  1OO<* 

C«]s  =  -7^  =  52.53; 

therefore  • 


and  by  use  of  a  200  mm.  tube,  with  sodium  light,  at  20°, 

c  ==  0.9518  «, 
or  with  the  use  of  a  tube  190.37  mm.  in  length, 

c=  a. 

If  the  problem  is  to  test  a  substance  as  to  its  content  of  milk- 
sugar  in  an  instrument  with  the  Ventzke  scale,  it  is  best  to  dis- 
solve that  weight  in  a  100  cc  flask,  which,  if  it  were  pure 
milk-sugar,  would  polarize  100°.  This  weight  is  found  from 
the  proportion 

x  •  26.048  :  .  66.50  :  52.  72* 

^  =  32.856. 

By  taking  32  856  grams  of  substance,  each  degree  would 
then  correspond  to  i  per  cent,  of  milk-sugar  If  a  solution  is 
to  be  examined  and  it  is  required  to  find  the  concentration  of 
the  milk-sugar  in  it,  it  is  to  be  observed  that  a  polarization  of 
i°  V.  corresponds  to  a  concentration  of  o  32856  gram  of  milk- 
sugar  in  100  Mohr  units  of  volume  at  17.5°.  Using  a  200 
mm.  tube, 

c  —  0.32856  Pol 

Exactly  the  same  value  is  reached  from  the  basis  of  the 
observation'2  that  one  Ventzke  degree  for  milk-sugar  is  equal 
to  o.  3452  circular  degrees,  with  sodium  light.  As  c  =  o.  95  1  8  a, 
we  have  also 

c  =  0.9518  X  0.3452  Pol, 
or 

c  =  0.32856  Pol. 

179.  The  Determination  of  Sugar  in  Milk  is  carried  out,  accord- 
ing to  Schmoeger,8  in  this  way  : 

1  This  is  the  specific  rotation  of  milk-sugar  at  17,5°. 

2  lyandolt    "Ueber  polarwnetnsch-chemische  Analyse,"  Ber  d  chem    Ges  ,  ai, 
191  (1888) 

1  Ber  d  milchwirthschaftl  Instituts  zu  Proskau,  1883-4 


1.  According  to  Hoppe-Seyler,  50  cc.  of  milk  is  boiled  wit 
25  cc.  of  a  20  to  25  per  cent,  lead  acetate  solution,  to  the  sti 
warm  liquid,  5  cc.  of  a  10  per  cent,  alum  solution  is  added,  an< 
then  the  mixture  is  cooled,  filled  up  to   100  cc.  and  filtered 
The  volume  of  the  precipitate  is  in  the  mean  3  cc.,  and  is  t 
be  taken  into  consideration. 

2.  100  cc.  of  milk  is  coagulated  by  addition  of  6  cc  of  loto  i, 
per  cent,  acetic  acid  and  after  standing  half  an  hour  is  filtered 
A  slight  turbidity  from  fat  globules  does  no  harm.     50  cc.  o 
the  filtrate  is  heated  to  boiling  with  3  to  4  cc.  of  basic  leac 
acetate  solution  (sp.  gr.  1.2),  and,  after  cooling,  water  is  addec 
to  make  up  for  loss  on  evaporation     The  liquid  is  then  filtered. 

3  100  cc.  of  milk  is  coagulated  as  before  or  by  addition  of 
6  cc.  of  10  to  15  per  cent,  sulphuric  acid,  but  instead  of  sepa- 
rating the  proteids  by  basic  lead  acetate,  50  cc.  of  the  filtrate 
is  treated  in  the  cold  with  sec.  of  commercial  phosphotungstic 
acid,  then  filtered  and  polarized.  The  result  must  be  multi- 
plied by  i.i. 

As  in  methods  2  and  3,  the  volume  of  the  precipitate  is 
taken  as 6  cc.,  in  the  mean ;  it  is  advisable  to  add  just  6  cc  of 
acid  for  coagulation,  because  then  the  concentration  of  the 
milk-sugar  in  the  filtrate  (whey)  will  be  exactly  the  same 
as  in  the  original  milk.  Besides,  in  methods  2  and  3,  the  dis- 
advantageous dilution  of  the  liquid  containing  the  milk-sugar 
to  the  double  volume  is  avoided 

A  comparison  of  the  three  processes  led  to  the  conclusion 
that  method  3  gives  about  0.15  per  cent,  higher  values  than 
method  2,  and  that  this  in  turn  gives  again  0.15  percent 
higher  results  than  method  r.  Schmoeger  traces  these  differ- 
ences to  this,  that  in  mixing  the  milk  with  the  lead  solution, 
milk-sugar,  or  possibly  some  other  right-rotating  substance 
not  clearly  known,  is  thrown  out  of  solution.  This  is  certainly 
the  case  when,  after  using  an  excess  of  lead  solution,  the  fil- 
trate is  alkaline.  Schmoeger  is,  therefore,  of  the  opinion  that 
the  third  method  gives  correct  results,  possibly  a  few  hun- 
dredths  too  high. 

But,  on  the  other  hand,  the  results  obtained  by  method  i 
agree  very  closely  with  the  gravimetric  analyses  according  to 
Tollens,  and  those  by  method  2  with  the  gravimetric  analyses 


according  to  Soxhlet  with  fair  accuracy.  It  is  not  possible, 
therefore,  to  give  a  final  decision  as  to  which  is  the  more  accu- 
rate procedure.  An  advantage  in  the  polarimetric  method 
over  the  gravimetric  is  found  in  the  greater  rapidity  and  con- 
venience with  which  it  may  be  carried  out. 

III.  Determination,  of  Glucose  (Dextrose,  Grape-Sugar)  (Crystal- 
lized C6H1206  +  HaO) 

180.  Tollens1  has  given  this  formula  showing  the  dependence 
of  the  specific  rotation  of  dextrose  anhydride  on  the  per- 
centage strength  of  the  solution  . 

[or]  £  =  52  5°  +  o  0188^  4  o  000517  p*. 
From  this  we  have  for  • 


p—  5 

10 

15 

20 

25 

30 

[or]  —  52.61 

52  74 

52.90 

5308 

53-29 

5353 

P=  35 

40 

45 

50 

55 

60 

[«]  =--  53  79 

5408 

54-39 

54-73 

55  10 

5549 

The  specific  rotation  increases  then  appreciably  with  the 
concentration.  But  for  solutions  up  to  15  per  cent,  strength, 
without  very  great  error,  [«]  can  be  taken  as  equal  to  52  80.  If 

we  substitute  this  value  in  the  equation  [a]  =  ,  this  for- 

l  p  CL 

mula  follows  for  calculating  the  percentage  strength  from  the 
observed  angle  a, 

f=l8<*Td> 
and  using  a  2  dm.  tube, 

(1)  p  —  0.947-^- 

If  not  the  percentage  strength  but  the  concentration  of  the  solu- 
tion is  to  be  found,  that  is,  the  number  of  grams  of  sugar  in  100 
cc.  of  solution,  then  this  formula  may  be  transformed  into 
the  simpler  one, 

(2)  £=0.947 «. 

The  error  made  by  neglecting  the  variation  of  the  specific 
rotation  with  the  strength  of  solution  reaches  then  in  the  most 
unfavorable  case  0.03  per  cent.,  assuming  that  the  observed 
angle  of  rotation  a.  is  measured  at  20°  with  use  of  sodium 
light. 

i  Tollens:  Ber.'d  chem  Ges,  17,  2238  (1884) 


For  greater  concentrations  (15  to  50  per  cent.)  Landolt1  has 
calculated  tlie  following  formula,  for  finding  the  percentage 
strength,  from  the  observations  of  Tollens  : 
(3)  p  —  0.948  a  —  0.0032  ora, 

where  a  is  the  rotation  for  a  2  dm.  tube. 

Dextrose  may  be  determined  by  use  of  the  Ventzke  sac- 
charimeter  also,  since,  according  to  the  observations  of  Hoppe- 
Seyler,2  its  rotation  dispersion  is  very  nearly  the  same  as  that 
of  quartz  It  has  been  found  by  direct  experiments8  that  for 
dextrose,  i  °  V.  =  0.3448  ±  o  0008  circular  degrees  (Na  light). 
If  we  represent  by  Pol.  the  number  of  Ventzke  degrees  read 
off  for  a  2  dm.  tube  at  20°,  the  formulas  just  developed  may 
be  transformed  into  these  • 

(I)  p  —  0.3265  ~-  O  ==  o  to  15] 

(II)  c  =  0.3265  Pol  [  c  =  o  to  16] 
III)    p  =  0.3269  Pol  —  o  ooo  381  Pol*  \_p  —  o  to  50] 

Thus,  for  example,  a  grape-sugar  solution  which  shows  a 
rotation  of  34.48°  in  an  instrument  with  circular  degrees  must 
polarize  exactly  100  in  the  Ventzke  saccharimeter.  We  have 
by  Formula  (3), 

p  —  0,948  X  34.48  —  0.0032  X  34.48"  =  28  88  per  cent., 
and  likewise  by  Formula  (III), 

p  =  0.3269  X  100  —  o  000381  X  ioo8  =  28.88  per  cent. 
But,  nevertheless,  one  cannot  expect  as  accurate  results 
from  the  saccharimeter  as  from  the  instrument  with  circular 
degrees,  because  the  value  of  a  circular  degree  in  sacchanmeter 
degrees  might  not  be  the  same  for  all  instruments  and  all  solu- 
tions. 

For  this  reason,  and  because  the  specific  rotation  of  dextrose 
is  dependent  on  the  temperature  and  concentration,  a  normal 
weight  cannot  be  definitely  fixed,  which  may  be  dissolved  to 
make  ioo  Mohr  cc.  and  give  directly,  in  the  saccharimeter, 
the  percentage  strength  of  dextrose  in  the  dissolved  substance. 
But,  however,  for  most  practical  needs,  sufficiently  accurate 
values  may  be  derived  from  the  following  considerations 

i  Jyandolt .  Ber.  d.  chein   Ges  ,  21,  199  (1888) 
s  See  r,andolt    Ibid.,  ai,  194  (1888) 
3  Ztschr  anal  Cliem  ,  5,  413  (1866) 


?or  dilute  solutions  we  have  above, 
c  =  o  3265  X  Pol, 

/*  =  -£_.. 

0.3265 

'cordingly,  a  liquid  which,  contains  32.65  grams  of  dextrose 
100  cc.  must  be  able  to  polarize  100°  V  But  as  the  Mohr 
it  of  volume  is  related  to  the  cubic  centimeter  as 
30234  i ,  then  to  secure  the  same  concentration  in  a  Mohr 
o  cc.  flask  there  must  be  weighed  out,  in  vacuo,  32.65  X 
30234  =  32.73  grams  of  the  substance  containing  dextrose 
32  71  grams  in  air  with  brass  weights 

Also,  we  obtain  the  normal  weight  of  dextrose,  N,  when 
2  multiply  the  normal  weight  of  saccharose,  26.048,  by  the 
lation  of  their  specific  rotations  We  obtain  in  this  way  • 

For    5  per  cent  solutions  .  N  =  26  048  X  — T~  =  32  91  grams. 
For  15  per  cent  solutions  .  JV  —  26.048  X  — —  =  32  75  grams 

For  25  per  cent  solutions    N  =  26  048  X  — —  =  32-5o  grams 

53  ^9 

The  normal  weight  varies,  therefore,  for  solutions  practically 
le  most  used,  containing  o  to  25  per  cent  of  dextrose,  be- 
jveen  32.9  and  32.5  grams.  In  weighing  out  a  dextrose  sub- 
fcance  then,  one  must  take  into  consideration  whether  it  con- 
ains  much  or  little  of  the  sugar  The  normal  weight  derived 
bove  for  dilute  solutions,  32.71  grams,  would  hold,  accord- 
tig  to  the  last  calculation,  for  solutions  containing  from  17  to 
8  per  cent,  of  dextrose 

If  the  amount  of  dextrole  hydrate,  instead  of  that  of  the 
inhydnde,  is  desired  the  result  must  be  multiplied  by  the  re- 

ation  of  the  two  molecular  weights  -~—  =  i  i . 

Finally,  it  must  be  remembered  that  solid  dextrose  dissolved 
in  water  exhibits  birotation,  which  is  destroyed  by  allowing 
.he  solution  to  stand  twenty-four  hours,  or  by  warming. 

181.  The  Determination  of  Dextrose  in  Diabetic  Urine  may  be  ad- 
vantageously made  when  the  amount  present  is  more  than 
about  0.2  gram  in  100  cc.  With  smaller  amounts,  or  where 
the  greatest  accuracy  is  desired,  as  in  normal  urines  or  in  phys- 
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lological  investigations,  the  chemical  methods  of  determination 
yield  more  reliable  results.     It  must  first  be  seen  whether  or 
not  the  color  of  the  urine  will  permit  a  direct  polarization, 
using  if  necessary,  a  tube  only  100  mm.  long,  or  after  diluting 
to  the  double  volume.     If  the  urine  is  not  perfectly  clear  it 
should  be  filtered  as  quickly  as  possible  through  soft  filter- 
paper.    If  the  urine  is  too  dark,  100  cc.  should  be  precipitated 
by  10  cc.  of  basic  lead  acetate  solution,  and  the  filtrate  tested, 
or  it  may  be  shaken  in  a  flask  with  some  blood-charcoal  and 
then  filtered.     In  the  first  case,  the  result  of  the  polarization 
must  be  multiplied  by  i .  i  on  account  of  the  dilution.     But  in 
both  cases,  a  part  of  the  grape-sugar  may  be  removed  from  the 
urine ,  at  least  this  has  been  shown  after  application  of  basic 
lead  acetate,  and  it  may  be  assumed  for  the  charcoal  from  the 
experience  gathered  in  the  clarification  of  dark  sugar  sirups. 
These  errors  may  be  eliminated  by  making  a  parallel  experi- 
ment with  like  quantities  of  clarification  agents  and  normal 
urines  whose  sugar  content  is  brought  to  that  of  the  urine 
under  investigation,  and  which  is  polarized  before  and  after 
application  of  the  clearing  agent. 

If  the  diabetic  urine  contains  albuminous  substances  they 
may,  on  account  of  their  left  rotation,  make  the  sugar  content 
appear  much  too  low,  and  it  is,  therefore,  necessary  to  remove 
them  100  cc  of  urine  is  heated  in  a  dish  to  boiling  and  then 
enough  dilute  acetic  acid  is  added  to  give  an  acid  reaction  and 
throw  down  the  albumin  as  a  flocculent  precipitate  Then 
the  liquid  is  filtered,  the  filter  washed,  and  the  filtrate  made  up 
to  100  cc  Or  a  measured  volume  of  urine  is  acidified  with 
acetic  acid  and  then  enough  concentrated  sodium  sulphate 
solution  added  to  bring  the  volume  to  double  the  original.  If 
the  liquid  is  now  heated,  the  albumin  separates  completely  and 
may  be  filtered  off. 

Bile  acids,  which  have  a  right-hand  rotation,  are  not  present 
in  urine  in  amount  sufficient  to  cause  an  error  in  the  above 
process. 

The  fact  that  the  albumin  in  urine  rotates  the  plane  of  polari- 
zation to  the  left  very  nearly  as  much  as  grape-sugar  does  to 
the  right,  furnishes  us  with  a  very  convenient  means  of  deter- 
mining the  amount  of  albumin  in  urine  polarimetrically  If 


polarization  of  the  urine  be  observed  at  the  same  tempera- 
;  C1?^0)  before  and  after  precipitation  of  the  albumin,  and 
he  same  degree  of  concentration,  we  obtain  from  the  dif- 
mce,  D,  of  the  two  readings,  with  a  2  dm.  tube,  the 
ount  of  albumin,  Al,  in  the  liquid,  from  ttie  formula  de- 
id  above  for  the  determination  of  the  grape-sugar  content 
dilute  solutions . 

Al  =  0.947  D* 

The  firm  of  Schmidt  and  Haensch  makes  a  half -shadow  in- 
ument  with  circular  degrees  on  thel^aurent  system  (§111  to 
13)  for  urine  analysis     A  sodium  flame  serves  for  illumina- 
te    In  order  to  avoid  the  necessity  of  calculating  the  sugar  or 
Dumin  content  from  the  rotation  read  off  in  circular  degrees, 
cording  to  the  above  equation,  tubes  of  188.6  and  94.3  mm.  in 
Qgth  (better  189. 4  and  94  7)  are  furnished  with  the  instru- 
ent,  the  shorter  one  for  dark  liquids,  which  lengths  are  so 
losen  that  i°  or  2°  of  polarization  corresponds  exactly  to  i 
ram  of  grape-sugar  in  100  cc.  of  the  liquid  analyzed 
The  same  firm  makes  also  half-shadow  instruments  with 
'edge-compensation  for  urine  analysis,  permitting  the  use  of 
rhite  light  (§!33-§i34),  the  scale  of  which  is  so  arranged  that 
y  employing  a  2  dni.  tube,  the  amount  of  grape-sugar  in  100 
c.  may  be  read  off  directly    The  vernier  reads  to  Vi0  per  cent 
IV.  Determination  of  Maltose 

(Crystallized  CuH^O,,  +  H2O.     Right-rotating) 
182.  Meissl1  gives  the  following  formula  for  the  dependence 
>f  the  specific  rotation  on  the  percentage  strength  and  the  tem- 
jerature  /. 

[or]'fl  =  140.37  —  o  0184^  —  o  095  /, 

which  holds  good  for/  =  5  to  35  and  /  =  15°  to  35°.    We 
have  from  this,  when  t=-  20°,  for 

^=5  10          15  20  25  30          35 

[«]g  =  13838     13829     13820     13811     13802     13792     13782 
Parcus  and  Tollens2  found  a  somewhat  lower  value  for  the 
specific  rotation  from  a  concentration  of  10  grams  in  100  cc.  at 
20°, 

[«]"  =  136.85  to  136  96, 

i  J  prakt  Cliem  ,  [2]  35, 114  (1882) 

-  Parcus  and  Tollen  :  Ann  Chem  (I/tebig),  as7(  160  (1890) 


while  for  this  concentration  the  specific  rotation  according  tc 
Meissl  is  138.3. 

For  the  practical  determination  of  maltose  by  the  optical 
method  a  mean  value  of 

[a]?  =-137.5 
may  be  considered  as  sufficiently  exact.     Then  at  20°, 

IOQ  a 

I37'5  ~  7x7' 

c—  07273-^-, 

and  by  the  use  of  a  2  dm.  tube  at  20°, 
c  =  o  3636  a. 
Meissl  gives  this  formula  for  the  temperature  of  17.5°  . 

c  =  0.362  a 

As  freshly  prepared  solutions  show  a  rotation  which  is  too 
low,  they  must  be  warmed  before  polarization  .or  allowed  to 
stand  some  hours. 

V.  Determination  of  Galactose 
( Q,HU06.     Right-rotating. ) 

183.  According  to  Meissl1  the  change  in  the  specific  rotation 
with  the  percentage  strength  and  the  temperature  is  given  by 
the  formula, 

Mi  =  83.88  -f  0.0785^  —  0.209  *> 
in  which p  =  5  to  35  per  cent.,  t  =  10  to  30°. 
According  to  Rindell,'' 

[«]/,=  83.04  -f  0.199^  —  (o  276  —  0.0025  /X 
for  p  =  12  to  20  per  cent.,  t  —  4°  to  40°. 
If  we  take  t  —  20°,  we  have  then  for 

P—  5  10          15          20          25          30         35 

Meissl         So.io          8049      80.88      81.27      81.66      8206     8245 
]£  Kindell  So  01      Si  25      82.50 

ys  Kent  and  Tollens'    {  ?°  7       8r'7 
*•  oi  4 

]™  Parcus  and  Tollens4    80  33 

1  J,  prakt,  Chem ,  [2],  33,  97  (1880} 

-  Rindell    Ztschr  Riibenzucker-Ind  ,  30,  163  (1880). 
»/&<*,  35,  36  (1885) 

*  Parcus  and  Tollens    Ann  Chem  (I^iebig),  257, 160  (1890) 


4.07" 

~^» 

For  solutions  with  o  to  15  per  cent.,  and  possibly  even  to  20 
er  cent.,  we  may  take,  therefore,  the  Meissl  value  of  80.88 
yrp  —  15  as  the  mean  specific  rotation  of  galactose  at  20°. 
from  this  there  follows  : 


nd  for  a  2  dm.  tube  at  20°, 

c=  0.618  a. 

Freshly  dissolved  galactose  also  exhibits  birotation,  which 
t  the  ordinary  temperature  reverts  to  the  normal  rotation  after 

lapse  of  six  hours. 

VI.  Determination  of  Camphor,  CJOHi60 

184.  The  easy  determination  of  camphor  in  the  optical  way 
ias  become  of  greater  importance  since  the  introduction  of 
rticles  made  of  celluloid,  a  mixture  of  nitrocellulose  and  cam- 
>hor.  According  to  Foerster1  the  determination  of  camphor 
n  celluloid  is  made  best  as  follows  • 

About  10  grams  of  celluloid,  containing  2  to  3  grams  of 
amphor,  is  saponified  with  four  times  its  weight  of  10  per 
•ent.  sodium  hydroxide  solution  until  all  has  dissolved,  and 
he  mixture  is  then  diluted  to  250  cc.  Of  this,  120  to  150  cc. 
s  distilled  off,  the  camphor,  in  vapor,  passing  over  completely 
vith  the  steam.  To  the  distillate,  collected  in  a  graduated 
eceiver,  25  to  30  cc.  of  benzene  is  added  and  the  mixture  well 
,haken  ;  the  volume  of  the  benzene,  which  dissolves  the  cam- 
Dhor,  is  read  off  and  a  part  is  then  taken  for  polarization  at  20°. 

The  author  carried  out  special  tests  to  determine  the  rota- 
ion  of  camphor  in  benzene,  and  as  a  standard  he  used  pure 
:amphor  with  melting-point  at  178.7°.  which  had  been  re- 
:rystallized  several  times  from  50  per  cent,  alcohol.  Solutions 
ip  to  the  concentration  of  40  grams  of  camphor  in  100  cc. 
(d  20/J  were  tested  at  20°  and  with  sodium  light.  The  specific 
Dotation  a*  dependent  on  the  concentration  may  be  expressed 
Dy  this  formula  : 
(I)  [«]£  =  39-755  +  0.1725  c. 

From  this  the  concentration  c  may  be  calculated  as  a  function 
of  the  angle  of  rotation  oc  : 

i  Ber.  d.  chem  Ges  ,  23,  2981  (1890) 
32 
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(II)  *=  «5  205  [-  i  +  -    i  +  0.04367  " 

From  the  observations  themselves,  the  following  direct  re 
lation  between  concentration  and  rotation  may  be  derived  : 

a  (  a.  \'2 

(III)  c  =  2.4683  -j  —  0.01747  (-J-) 

This  formula  was  calculated  from  the  earlier  determinations 
of  I/andolt,1  showing  the  specific  rotation  of  camphor  in  ben- 
zene, 

[*]*  =  39.19  +  0.17084^, 

and  from  experiments  by  Rimbacb,2  the  following  for  concen- 
trations between  10  grams  and  53  grams  : 

[«]^  =  40.21  +  0.1309  £•+  0.000269  £\ 

These  two  formulas  agree  closely  with  that  of  Foerster. 
Test  experiments  showed  that  from  99  to  99.3  per  cent,  of  the 
camphor  taken  could  be  found,  which,  considering  the  method 
of  separation  used,  is  a  satisfactory  result 

In  fats  and  oils  also,  camphor  may  be  determined  by  the 
optical  process.  According  to  Foerster  it  is  best,  in  such  cases, 
to  first  distil  the  camphor  from  the  substance  under  investi- 
gation by  aid  of  a  current  of  steam.  When  about  250  cc  of 
distillate  has  been  collected  in  the  receiver,  this  is  then  used 
as  the  distillation  flask  and  the  rest  of  the  operation  is  carried 
out  as  with  celluloid. 

If,  in  place  of  benzene,  alcohol  is  chosen  as  the  solvent  for 
the  camphor,  the  concentration  of  the  solution  may  be  found 
by  the  following  formulas,  according  to  I/andolt  i3 

*      a  o  (  a  \z 

c  =  2.3614-^  --  0.01158  \—r) 

c  =  -  177  53  +  ->J  3I5I6.45  +  845.74  -j 

These  obtain  for  concentrations  between  o  and  50  grains  m 
zoo  cc  ,  and  for  a  temperature  of  20°. 

VII.  Determination  of  Cinchona  Alkaloids 
185.  The  specific  rotation  of  the  cinchona  alkaloids  and  their 

1  I,andolt  •  Ann.  Chein  (Liebig),  i89,  334  (1877) 
3  Rimbach    Ztschr  phys  Chem  ,  9,  698  (1892) 
3  l^audolt    Ber.  d  chem.  Ges.,  31,  204  (1888). 
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DETERMINATION  Otf  CINCHONA 

st  important  salts  has  frequently  been  the  subject  of  ex- 
ded  investigations  ;  numerous  observations  have  been  made 
ecially  by  Hesse,1  Oudemans,2  and  I^enz,8  by  which  the  con- 
ats  of  rotation  for  quinine,  hydroqumine,  cinchonine,  quini- 
e,  and  cinchonidine  have  been  determined  with  such  accu- 
y  that  they  may  be  used  in  testing  other  preparations  as  to 
ir  purity,  or  in  finding  the  composition  of  mixtures 
iVith  all  these  alkaloids,  the  specific  rotation  varies  in 
rked  degree  with  the  nature  of  the  solvent,  and  moreover 
s  smaller,  the  greater  the  concentration  and  the  higher  the 
nperature.  Hesse  measured  the  rotation  of  solutions  which 
itained  from  i  to  10  grams  of  substance  in  100  cc.,  accord- 
;  to  the  degree  of  solubility  As  solvents,  alcohol  of  97 
time  per  cent,  was  used  for  the  pure  alkaloids,  and  either 
re  water  or  dilute  hydrochloric  or  sulphuric  acid  of  known 
ength  for  the  salts.  L,enz  employed  as  a  solvent  a  mixture 

2  volumes  of  chloroform  and  i  volume  of  97  per  cent, 
ohol,  and  determined  the  specific  rotation  in  solutions  of  i 

3  per  cent  strength 

Notwithstanding  these  fundamental  investigations,  no 
'thod  is  yet  known  by  which  the  alkaloids  in  extracts  of 
ichona  bark  or  in  the  quinine  of  commerce  may  be  found  by 
2  optical  process.  This  is  due  partly  to  the  fact,  already  re- 
red  to,  that  the  specific  rotation  is  in  a  large  measure  de- 
ndent  on  the  external  conditions  under  which  the  solutions 
question  must  be  tested,  and  partly  to  this,  that  the  optical 
alysis  of  a  mixture  of  several  active  substances  cannot,  in 
neral,  be  made  with  accuracy,  and  even  when  only  two  or 
ree  are  in  solution,  while  in  any  case  the  qualitative  compo- 
ion  of  the  mixture  must  be  known,  which  can  be  determined 
ly  by  the  methods  of  chemical  analysis  Finally,  this  diffi- 
Ity  is  met  with  in  the  optical  determination  of  the  alkaloids 
the  extracts  from  cinchona  bark,  that  these  extracts  contain 
yellow  coloring-matter  which  cannot  be  separated  alone,  and 
e  presence  of  which  makes  the  observation  in  the  polanmeter 
icertain. 

1  Hesse    Ann  Chem  (X,iebig),  176,  203 ,  i8a,  128 

2  Oudemans    Ibid.,  i8a,  33 

Ztschr  anal  Chem.,  37,  549  (1888) 


5ou       yKACTICAI,  APPLICATIONS  OP  OPTICAL  ROTATION 

In  such  investigations,  therefore,  it  is  customary  to  e 
the  extraction  and  separation  of  the  alkaloids  by  cher 
methods,  and  then  to  resort  to  the  optical  observations  to 
trol  the  results  of  the  chemical  analysis  or  to  test  the  sepai 
alkaloids  as  to  their  purity. 

For  the  determination  of  the  quantitative  composition 
mixture  of  alkaloids,  the  specific  rotation  may  be  employe 
all  those  cases  where  the  analysis  of  a  mixture  of  two  kn 
alkaloids  only  is  involved     The  following  conditions  1 
obtain  : 

Of  the  mixture  of  two  alkaloids,  c  grams  is  weighed 
dissolved  to  make  100  cc.,  and  then  the  angle  of  rotation 
is  found  in  a  tube  of  /  dm.  length,  from  which  may  be 

loo  a 

culated  the  specific  rotation  of  the  mixture,  a  =  y—  —  .   It 

*  X  c 

mixture  contains  x  per  cent,  of  one  alkaloid,  whose  spec 
rotation  is  [a]*,  andjj/  —  100  —  x  per  cent,  of  the  other  c 
stituent  with  the  specific  rotation  [or],,  then 

x  X  [>]*  +  (100  —  x}  \a~\y  =  100  [ar] 
and  consequently, 


X— 


[*].-[«] 

y  =  ico  r  T  -  ~-4~  . 

[*]  *-[«]„ 

In  this  way,  it  is  possible  to  analyze  mixtures  of  any  act: 
substances,  provided  the  specific  rotations  of  the  pure  si 
stances  are  known  and  are  not  subject  to  too  great  variatic 
within  the  limits  of  the  concentrations  employed.1  But,  in  a 
event,  it  is  advisable  to  take  the  concentration  of  the  mixtt 
only  as  great  as  appears  necessary  for  the  accurate  calculati 
of  the  specific  rotation. 

Hesse2  has  already  employed  this  general  method  to  det< 
mine  the  amount  of  cinchonidine  sulphate  in  the  cornmera 
quinine  sulphate,  nearly  free  from  other  alkaloids. 

He  proceeded  in  this  way,  by  taking  first,  of  the  sulphate 
question,  an  amount  corresponding  to  2  grams  of  the  anhydroi 
salt,  dissolving  in  a  25  cc.  flask  in  10  cc.  of  normal  hydr 

1  See  Hesse  .  Ann  Chem  (I,iebig),  i8a,  146  and  158  ,  Oudemans  •  Ibid  ,  182,  63,  • 
3  Hesse    Ibid  ,  305,  217  (1880) 


DETERMINATION  OP  COCAINE  501 

iloric  acid,  and  filling  to  the  mark  with  water  at  15°  C. 
JFter  complete  solution  and  mixing,  the  liquid  was  filtered 
ito  a  220  mm.  jacketed  tube  and  polarized  at  15°  in  a  Wild 
olaristrobometer.  If  a  represents  the  angle  of  rotation  of  the 
nhydrous  quinine  sulphate  under  these  conditions  (a  =  — 
0.309°  was  found),  and  /3  the  rotation  of  the  anhydrous  cin- 
homdine  sulphate  (/3  =  —  26.598°  was  observed),  and  y, 
nally,  the  angle  of  rotation  of  the  mixture  taken  for  the 
nalysis,  then  the  amount  of  cinchonidine  sulphate,  y,  in  the 
nit  of  weight  of  the  mixture  is  given  by 

<*  —  Y  _  —  40-309  —  X 
y       ot  —  p          —13.711     ' 

phile  the  amount  of  the  quinine  sulphate  is 

26.598 


at  —  ft       —13.711 

VIII.  Determination  of  Cocaine 

186.  fhe  specific  rotation  of  cocaine,  C,7H21NO4,  in  chloro- 
orm,  and  of  the  hydrochloride,  Ci7H31NO4.  HC1,  in  a  mixture 
>f  60  parts  of  absolute  alcohol  and  90  parts  of  water,  has  been 
letermined  by  O  Antrick.1  He  found  for  a  preparation  of  the 
Dase  of  the  greatest  possible  purity  • 

[«]"  =  —  15-827—0.00585  q, 
:>r, 

[or]S  =  —  16  412  +  o  00585  p. 

This  gives  then  for 

p  —         5  10  15  20  25  30 

[«];£  =  —  16.38    —16.35    —1632    -1629    —1626    —16.24 

For  solutions  containing  up  to  30  per  cent,  of  cocaine,  the 
value,  [«]/?  =  —  1  6  32,  may  be  taken  as  the  basis  of  the  cal- 
culation of  the  percentage  strength  We  have 

IOQ  a 


and  with  use  of  a  2  dm.  tube  • 

^~3.o6~ 
c—  —  3.06  «. 

i  O.  Antrick    Ber  d.  chem  Ges,,  ao,  310  (1887) 


Ai-Jt-WCATIONS  OP  OPTICAL  ROTATION 

The  specific  rotation  of  the  hydrochloride  of  cocaine  h 
been  even  more  fully  investigated  by  Antrick.  The  followii 
formula  expresses  the  results  obtained  from  observations  < 
four  preparations  which  in  their  properties  differed  but  litt 
from  each  other : 

[flr]S=  —  67.982  +0.1583  c; 

this  holds  for  c  —  o  to  25,  and  for  true  cubic  centimeters  (d  J°] 
It  follows  then  for  [a]  %  with 

c=  5  10  15  20  25 

fflfjsjo  =          —67.19          —6640     —65.61  —64.82          —6402 

The  change  in  the  specific  rotation  with  the  concentratio, 
is  here  so  considerable  that  it  is  not  possible  to  make  a  mea 
value  of  this  rotation  the  basis  of  a  calculation  of  the  concen 
tration  from  the  observed  angle  of  rotation  In  the  formuli 

IPO  a 

C~"[a]Xl) 

we  have  to  take  for  [a]  that  value  from  the  above  series  whicl 
comes  the  nearest  to  the  expected  concentration,  or  we  ma> 
make  use  of  the  following  equation,  derived  directly  from  the 
formula  for  the  specific  rotation 

(1)  £=21472  —  -/ 46106.8  -f-  315.86  at 

which  holds  for  the  2  dm.  tube,  t  =  20°,  and  c  =  o  to  25° 

Finally,  the  angles  of  rotation,  ot  —  — 13.280°  and  a  —  — 
25  927,  given  by  Antrick  for  the  concentration  c  =  10  and 
c  =  20,  may  be  employed  to  express  c  as  directly  related  to 
the  observed  angle  a  The  formula  for  this  reads 

(2)  c—  —0.7337  a  +  0001454  a2, 
which  holds  for  the  2  dm  tube  within  the  given  limits. 

In  using  either  of  these  formulas,  care  must  be  taken  to  see 
that  a  is  introduced  with  the  proper  sign,  that  is  the  negative 
sign.  In  using  polarization  tubes  of  other  length  than  2  dm. 
the  value  of  the  angle  read  off  must  be  corrected  before  it  i& 
substituted  in  either  of  the  two  formulas,  which  are  based  on 
observations  with  2  dm.  tubes. 

The  agreement  in  the  results  which  may  be  obtained  by  the 
two  formulas  is  shown  in  the  following  table  : 


DETERMINATION  OF  NICOTINE 


503 


a. 

c 
Concentration 
calculated  by 
Formula  (i). 

c 
Concentration 
calculated  by 
Formula  (2) 

Difference 

Ci  —  C3 

5 

10 

3  710 
7.485 

3705 
7482 

+0.005 
+  0.003 

15 
20 

11.331 

15  252 

11.332 
15.256 

—  OOOI 

—  0004 

25 
30 

19  250 
23333 

19-251 
23.320 

—  OOOI 

+0013 

IX.    Determination  of  Nicotine,  CioHI4]Sra 

187, — A  new  method  for  the  quantitative  determination  of 
icotine  by  the  polariscope  has  been  devised  by  M  Popo- 
ici.1  The  extraction  of  the  nicotine  from  tobacco  is  best  ac- 
omplished  by  Kissling's  process  •  20  to  40  grams  of  homo- 
,eneous  dry  tobacco  powder  is  moistened  with  10  cc.  of  a 
Liltite  alcoholic  sodium  hydroxide  solution  (6  grams  of  NaOH 
Lissolved  in  100  cc.  of  57  per  cent,  alcohol)  and  extracted 
hree  to  four  hours  with  ether  in  the  Soxhlet  apparatus.  The 
'ther  extract  is  treated  with  10  cc.  of  a  rather  strong  solution 
>f  phosphomolybdic  acid  in  nitric  acid  and  shaken,  by  which 
neans  the  nicotine  is  thrown  down  with  other  bases  (mainly 
immonia)  in  the  form  of  a  quickly  subsiding  precipitate.  Then 
he  supernatant  ether  is  poured  off  and  enough  water  is  added 
.0  the  residue  to  make  a  total  volume  of  50  cc  ,  and  finally  8 
yranis  of  finely  powdered  barium  hydroxide  is  added.  In  this 
way  the  nicotine  is  obtained  as  a  free  base  m  alkaline  solution, 
which,  after  some  hours  with  frequent  shaking,  is  poured  off 
from  the  yellow  precipitate,  and  polarized  The  following 
table  was  obtained  from  experiments  with  known  amounts  of 
nicotine 


Grams  of  nicotine  in 
50  cc  of  solution 

Rotation  in  2  dm 
tube 
Minutes 

i  Minute  of  rotation 
coriesponds  to 
nicotine  in  grams 

2  00 

337 

0  00594 

I  75 

298 

000588 

1.50 

258 

0  00582 

I  25 

217 

0.00576 

I  00 

175 

0.00572 

o  75 

133 

0.00564 

050 

89 

0.00562 

o  25 

45 

0.00556 

i  popovici-  Ztschr  physiol.  Chem.,  13,445(1889) 


ROTATION 


If  an  alcoholic  solution  of  nicotine,  containing  no  other  ac 
tive  substances,  is  to  be  examined  the  following  formula  b] 
I/andolt1  may  be  employed  to  find  the  nicotine  content  : 


(0  /  —  311.58  —  -^97082  5  —  449.64^-, 

which  holds  for  a  temperature  of  20  °,  the  density  dft  and  be- 
tween 10  and  90  per  cent,  of  nicotine. 
Further,  with  reference  to  the  nicotine  concentration  • 


f    \  &  (  &  \* 

0)  c  =  o  704  -.  —0.000525  ^~  J  , 

which  obtains  for  20°  and  c  =  10  to  90. 

i  I,a»doH  Ber  d.  chem.  Ges  ,  ai,  203  (1888). 


PART  SIXTH 


Constants  of  Rotation  of  Active  Bodies 


In  the  following  tabulation  the  data  on  the  specific  rotation 
f  all  active  bodies  in  any  degree  important  have  been  included 
nd  the  literature  has  been  fully  considered  to  the  middle  of 
896.  Only  a  few  of  the  still  later  observations  could  be  given 

place.1  Only  such  specific  rotations  have  received  considera- 
ion  for  which  the  data  necessary  for  calculation  (density,  con- 
•entration,  temperature)  were  given  in  the  original  papers. 

In  explanation  of  the  signs  employed,  see  Part  First,  §§  i 
md  2  of  this  book. 

I.    Hydrocarbons 

(See  also  Terpenes  and  Camphor. ) 
iyl     b  p.  91°  d*°  =  o  6895,  [«]„  = 


--=6oc 


Propylamyl:     /  =  i6e 

=  54' 
Isobutylamyl  t  —  2oe 


|  ,,  =  +  6  23° 
=H-6o9< 


}' 

[a]/,  =  +  644°l* 

=  +  6  25°  J 


fjyj^  +  S.SS0) 

=  52°         =  -I-  5.66°  / 

-21°  =  +  5.3i°-> 

=  4-  S  20°  J 


p   i59°-i62°,  d*  —  0.7463,  [a]fl  = 


=  +  8.69° 


Diamyl       b 

^=21°    [ar]^ 

s=  +  xa  06° 

=  +  10.01°  " 

These  bodies  were  all  made  from  active  arnyl  iodide. 

i  [In  the  translation  the  most  important  observations  to  the  middle  of  1900  have 
been  included  — Tr  J 

*  Just .  Ann  Chem  (lyiebig),  aao,  154. 
8  Welt   Compt  rend  ,  up,  743 

*  Welt :  Loc,  at 
6  Welt  Loc  at. 

o  Guye  and  Amaral    Arch,  sc  phys  Geneve,  [3],  33,  409 

'  Just :  Loc  at 

8  Welt  Loc  at 

0  Guye  and  Amaral :  Loc.  at 
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CONSTANTS  OF  ROTATION  OF  ACTIVE  BODIES 


2.  Alcohols  with  One  Atom  of  Oxygen 

i.  AAMYI,  AWJOHOI,  C2H5.CH3.CH.CH2OH.  Commerci 
fermentation  alcohol :  aD  =  —  2°  to  —  4°  for  i  dm. 

Preparations  purified  from  inactive  isomers  by  I/e  Bel 
method  (repeated  treatment  with  gaseous  hydrochloric  aci( 
through  which  the  inactive  part  is  first  converted  into  am; 
chloride  and  may  be  separated  by  distillation)  gave  • 

0^  =  — 453°  to  4.63°  for  i  dm.  \a\D  =  —  5.7°  whe 
d=o8i.1  [#]z>  =  —  5.2,  <&raa  =  o  818,  boiling-point  128.5°  t 
129°  (768mm).2 

According  to  Schiitz  and  Marckwald,3  these  preparation 
were  not  yet  pure. 

Derivatives  of  /-Amyl  Alcohol 

Amyl  chloride  b.  p   9710   99°,  dl$  =  0.886,  [«]/)=  -)•  1.24 
Amyl  bromide:  "    117  "  120°,    "  =  1225, 


Amyl  iodide 
Amyl  iodide 


144 
144 


=  -(•  1.24  i  n 
=-1-35     I 
=  +  541  ) 


145",    "  =  1-54,      " 

I46°,  ds°=  i  538,   "     =  +  4  55fi 

Add  Esters  and  other  Amyl  Compounds 
For  these  bodies,  which  are  all  liquid,   the  following  dati 
have  been  given,  and  b}r  : 

i    WARDEN."    Rotation  of  the  amyl  alcohol  used,  \ct\D  =  —  4.78 


Boihng-pomt 

mm 

rf 

[«]S. 

TAf     TAn^ 

176 

°  °734 
ORfiRc 

~r    2  5° 

I/O 

rfi1?  ifiR 

75^ 

n  Sfifio 

2  97 

+        0    8<l 

752 

T  nn  iR 

2  03 
+     1  tf. 

140 

3  I0 

Amyl  brom-z^o-butyrate.  .  .  . 

I29 

oo 
50 

.1099 

1.1851 

+     2  27 

+     253 

757 

4-93 

+       r  £n 

•L7'*  173 

Tfi*7-.Tfifi 

5.09 

r8S 

4-35 

Diamyl  chlormaleate  

176 

•*3 
23 

I  0593 

1.0568 

5-  74 

-|-    460 

+       ,    QQ 

*3Z 

43 

.0315 

3.00 
+       Q    ro 

" 

S53 

i  Le  Bel    Bull,  soc  chim  ,  [2],  ai,  542  ,  Coto.pt  rend  ,  77,  1021. 

a  Rogers    J  Chem  Soc  ,  63,  1131 

3  Schiitz  and  Marckwald    Ber  d.  chem  Ges ,  29,  59. 

*  I,e  Bel    Bull  soc  chim  ,  [a],  35,  545 

*  Walden    Ztschr.  phys  Chem  ,  15,  647. 

*  Ibid ,  ig,  642  S 


DERIVATIVES  O*  /-AMYI, 


~ 

, 
Boiling-point. 

mm 

d 

[«]" 

, 
180-182 

228-230 
262-263 
235-238 
268-270 

km  p  90°-9ic 
244-246 
280 
228-232 
265 

(m.p  51°. 
185-186 

760 

775 
760 
760 

775 
,  aceto 

760 
768 
acetoi 

0.8765 
0.8631 
0.8894 
0.8701 
08594 

nec  =  667) 
09665 
09445 
0.0455 
0.9120 

ie  c  —  20) 
08459 

+    6.56 
+    7-01 
+  18.27 

+  1799 
+  13.96 
+    525 
+  1014 
+    582 
+  11.48 
inactive 

+    1-25 

+    794 

Diethyl  amylmalonate  
Diethyl  diamylmalonate  
Ethyl  amylacetoacetate  .   .  • 
Ethyl  diamylacetoacetate-  •  • 
Diethyl  a  ni  y  1-^-mtrobenzyl 

Amyl  piperidme  

2   WALDEN  l    Rotation  of  the  amyl  alcohol  used,  [oQ/j  =-4-7° 

— 

Boiling-point 



mm 

d 

WS. 

I05° 
IOI-I02 
I70-I7I 
166-167 
166-167 
169-170 
I9I-I92 
191-192 
.         187-188 
I87 
208 
208 

22 

17 
20 

17 
2O 

24 
2O 
2O 
22 
22 
20 
2O 

0.9672 
o  9667 
I  0520 

10530 

T  0832 

1.0826 
I  0180 
I  0176 
I  0314 
I  0305 

I  064 
I  0636 

+    264 

—    393 
+    276 
—  9402 

+    323 
+  2679 
+    350 
—    688 

+    375 
+  25.15 
+    337 
+  1773 

Amyl  7-phenylchloracetate  • 
Amyl  rf-phenylchloracetate  . 

Diamyl  ?-chlorsuccinate  •  •  • 
Diamyl  rf-chlorsuccmate.  . 

Diamyl  rf-tartrate  

Rotation  of  the  amyl  alcohol  used,  [<X\D  =  —  4_8C 


Boiling-point 

mm 

d 

[«]"_ 

170° 

29 

09747 

+  4  62 

Diamyl  chlormaleate  

185 
175-177 

25 

13 

I  0555 
I  1561 

+  4°3 
+  458 

185-187 

15 

I  1683 

+  599 

I7Q 

25 

o  9661 

+  4-14 

170-172 

IO 

09657 

+  497 

Diamyl  antidimethylsuccm 

168-169 

15 

o  9469 

+  342 

Diamyl  paradimethylsuccm 

185 

30 

0.9452 

+  3.66 

203—204 

17 

1.0658 

+  477 

201-202 

16 

1.064 

+  3-37 

_______———— 

" 

i  ztschr.  phys.  Chem.,  171  7°5 
it  Jbid  ,  ao,  378 

if 
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A  WARDEN1    Rotation  of  the  amyl  alcohol  not  given 


.  .               

Boiling-point 

mm 

d. 

Amyl  »-butyrate  

178-179° 
190-192 
170-171 

75 
178-180 

165 
187-188 
187 
172 
183-184 
240 
241-243 
172 
192 

2IO 
222 
265 

765 
750 

765 
20 

25 

10 
22 
14 

18 

20 

25 
26 
28 
29 
55 
25 

100 

08690 
0.8958 
0.8619 
08781 

0.9592 
0.9696 

1.0314 
1.0560 

0.9529 
0.9698 

0.9973 
1.0029 
o  9721 
09992 
1.0035 
1.0605 
1.0531 

Diamyl  chlorsuccinate  
Diamyl  chlorfumarate  
Diamyl  methylsuccmate 

Triamyl  tricarballylate    •  •  •  • 

Amyl  hydrocitmamate  

Amyl  piienylpropiolate.  •  •  - 

+ 

4- 
+ 

4 
4- 

+ 

H- 

4 
+ 

+ 
+ 


281 

4-24 
310 

3-51 
3.76 
5-93 
375 
5-78 
3-67 
5-93 
4.01 
6.16 
2.26 

7-51 
5.58 
5-28 
9-34 


5   GUYE  AND  CHAVANNE  3    Rotation  of  the  common  amyl  alcohol  used, 
[«Jz>=  —  44.    Rotation  of  the  sec-aanyl  alcohol  not  given 


[a]?-* 

[alST70 

+  2  OI 

4-1.98 

_|_  2  C* 

4-2  51 

+  2  77 

4-2  68 

4-  2  60 

4-  2.54 

_|_  T  AK 

4-  1.16 

d 

[<*]/> 

o  962 

—  A.  06 

o  8o< 

—  8.« 

o  889 

—  82'; 

o  988 

+     A  06 

o  082 

-I-   *  84 

+  2  1^ 

u  y/o 

6.  GOI.DSCHMIDT  AND  FREUND.S    Rotation  of  the  amyl  alcohol  used, 

[o\D  =  —  4.29.    The  following  solid  esters  were  used  in 

chloroform  solution 


P 

[«]D 

5n*ft 

••*4° 

C    708 

4.19 

4-  i  (\A 

Amyl  *»*-tolyl<sirbaTninate-  -rt-.T-.«f. 

+    i  Re 

Amvl  *-tolvlcarbaminate  

•3«o 

?  277 

3.05 

-i,  A    Af 

1 2tschr,  phys.  Chan ,  ao,  573    2  Compt  rend ,  iao,  452    »Ztschr  phys.  Chem.,  14, 394, 


MIXED  AMYI,  ETHERS 
7.   GUYE  AND 


[«]a 

4-  A.  l6 

4-  T  84. 

+  6  10 

4-  *  4.8 

GUYE  AND  AMARAI,*  investigated  the  following  derivatives  of  /-amyl 
alcohol  at  different  temperatures 


t 

[«]z> 

t 

[«]/» 

16° 

—     A  52 

76° 

—    4.12 

TB 

+  T/I  OO. 

•72 

+  11  IA. 

20 

J_    TT    T1 

CT 

+     Q  Q7 

18 

+     2  SI 

62 

-J_     2  O7 

1  8 

4-     1  67 

60 

+     1  1^ 

18 

+     2  1A 

1:7 

+     2  ^1 

•27 

+      1  no 

«tl 

+      2  Q7 

18 

—    o  87 

62 

—     O  QQ 

18 

+      c  en 

C7 

-1-     A  71 

Amylamine  hydrochloride  8    Water,  p  =  7.84,  (XU  =  H" 


12  7 


Mixed  Amyl  Ethers 
GUYE  AND  CHAVANNE*  give  the  following  data . 


Boiling-point 

d 

[«]/» 

87  5-  88  5° 
107.5-109 
125    -127 
145    -H7 
145    -147 
145    -147 
231    -232 

0754 
0759 
0783 

0-773 
0.774 
0805 
0.911 

+  0.39° 
4-  061 
+  090 
+  096 
+  0.70 

+  031 
+  183 

1  Corapt  rend  ,  w,  827. 

9  Arch.  Sc.  phys.  Genftve  [3],  33,  409 ;  Compt.  rend..  iao,  1345. 
3  Plimpton  J  Chern.  Soc,,  39,  332 ;  Compt  rend,,  ga,  531,  883 
*  Compt  rend  ,  iao,  453 


CONSTANTS  OP  ROTATION  OF  ACTIVE  BODIES 
WELTI  gives  for  other  ethers  . 


t 

[«]/, 

T7° 

+       A      r\O 

•*7 

4  ou 

+    .1    n£ 

*9 

4  26 
+  ,  o/r 

3-00 

4,5-Methyl-propyl-phenol-amyl  ether.  • 
4,  6-Methyl-propyl-phenol-amyl  ether  .  . 

18 
19 

-f  3  93 

+  417 
+  401 

C]8 


C 


[8>C<25__CHOH(  From  Ro- 


2 ^-HSXYI,  ALCOHOL, 

man  camomile  oil . 

Boiling-point  154°  (at  758  mm.), 

aTM  =  0.829,  t  —  17°,  IXJ.0  =  -f  8  2°." 
3.  METHYL-HEXYL  CARBINOL, 

CH 
^ JJ8>CH.CH2  CH8.CHOH.CH, 

Obtained  by  reduction  of  the  following  compound 

'  =  24°,  [«],  =  + 4.69°.' 

Methyl-hexyl  ketone.     By  sapomfication   of  amyl  acetoace- 
tate. 

t  =21°,  O]fl  =  +  5.06°  •)  * 
*=57°)  M/»  =  +  4.4i°  J 
3.  Alcohols  with  Two  to  Four  Atoms  of  Oxygen 
A  few  optically  active  compounds  of  this  kind  are  known, 
such  as  /-propyleneglycol,  but  the  optical  constants  of  none  of 
them  have  been  accurately  determined .     As  derivatives  of  such 
alcohols  we  may  consider  : 

Dzphenyl-ethylene-dzdmine^  ^fi6>CH  —  CH<£?^6. 

Obtained  by  reduction  of  benzyl  dioxime.     Melting-point  90° 
to  92°.    Split  as  bitartrate. 

Ether.  t=  15°  -^  6 

rf-Base.     [>]„  =  +  134  8°   [• 

/-Base.     [a\D  —  —  128       J 

1  Ann  chun  phys  ,  [7],  6, 115 

s  van  Romburgh  Rec  trav  chlm  ,  5,  220 

3  Welt  Compt  rend  ,  nj>,  855 
*  Welt  Loc  at 

6  Feist  and  Arnstem.  Ber  d.  chem  Ges  ,  a8,  3167 


ALCOHOLS  WITH  SIX  ATOMS  bl*  OXYGEN  511 

z,  5-  Tetrahydronaphthylene-diamine.      Split    as    bitartrate. 

ic  hydrochlorides  in  aqueous  solution  gave  at  17  5°  : 
rf-Base.  c  =  2.44,  \a\D  =  +  8.15°  }  * 
/-Base.  £=3.96,  |>]z>  =  —  7-5     > 

4.    Alcohols  with  Five  Atoms  of  Oxygen 
Pentitols,  CH2OH.(CH.OH)8.CH/)H. 

ARABITOI,,  melting-point  102°.     Held  by  Kiliam,2  but  im- 

•operly,  as  inactive 

Cold  saturated  borax  solution,  p  =  9.05,  [«]£=  —  5.3°. 

fter  36  hours  still  unchanged.8 

v,  inactive      Bertrand's  statement,  [a]  =  +  0.5°  is 


rong.* 

ADONITOI,,  inactive,  also  in  borax  solution  6 

RHAMNITOI,,     CH8.(CH.OH)4CH2OH     Triclimc    prisms. 
[elting-point  121°.     Water,  p  =  8.648,  [0]%  =  +  io.7°.6 

5.     Alcohols  with  Six  Atoms  of  Oxygen 

Hexitols,  CH,OH.(CHOH)4.CH1OH. 
^-MANNITOI*      The  behavior  m  aqueous  solution,  the  action 
f  borax  and  other  salts,  also  of  acid  sodium  and  ammonium 
aolybdates,  are  given  m  §  70,  pp.  253  to  256 

In  alkaline  solution,  left  rotating.     Water  with  8  per  cent  of 
*aOH,/  =  8,    [«]/,  =  —  3  4°-T 

Derivatives  : 

Nitromanmtol,  C6H8(O.NOS)6 
Ether  ..............  p  —  4.2,  [«]y=  +  70  2°  s 

Alcohol  .............  p  =  2,      [or],  ==  H-  63  7  B 

Alcohol  ............  c  =  7  5,  [«]/>=  +  40  10 

Hexachlorhydnn,  C8H8Clfi  : 
Benzene  ............  [aj^^  +  iSs011 

1  Bamberger  Ber  d  chem  Ges  ,  33,  292 

3  Ibid.,  ao,  1234 

8  Fischer,  Piloty    Ibid.,  34,  521 

*  Bull  soc  chim  ,  [3],  5,  554. 

6  Fischer1  Ber  d  chem.  Ges.,  »6,  633 

8  Fischer,  Piloty    Ibid  ,  33,  3102 

^  Mimtz,  Aubin  •  Ann  chim.  phys  ,  [si,  10,  566. 

s  Krecke  Arch   Nfierl.,  VII,  1872 

»  Krecke.  Ibid  ,  VII,  1872. 

10  Krusemaun   Ber  d.  chem  Ges,,  9,  1468. 

11  Mourges  Compt.  rend.,  in,  na 


BODIES 

/-MANNITOI,.     In  borax  solution  strongly  left  rotating.1 

IsomannitoL  Water,  p  —  6,  [«]z>  ==  -f-  91.36°.  Alcohol 
^  =  3,  M*  =  +  94-66V 

DUI,CITOI,.  Inactive,  also  in  borax  solution.3  Bouchardat's 
statement1  that  diacetyl  and  tetraacetyl  dulcitol  are  slightly 
right  rotating  has  been  contradicted  by  Crossley.6 

SORBITOL     See  statement  in  §  70. 

flT-TAUToi,  The  aqueous  solution  is  slightly  right  rotating, 
the  borax  and  alkali  solutions  slightly  left  rotating.6 

RHAMNOHEXITOI,,  CH8.(CH.OH)6.CH2OH.  Water,  c  — 
10.4,  /=2o,  [a]^  =  +  i4.o°.7 


,,  C6Hia06  and  hydrate,  C6H12Ob  +  aH.O    Water, 
p  -  10  (anhyd),  [a],  =  +  65.0°.* 
Methyl-d-mositol,  pinitol,  CeHuO6.CH8. 

Alcohol  ..................   IXJs  =  -f  6s.si09 

Water  ...................   C«]o  ==  +  65  7    10 

Matezttol,  identical  with  pinitol.     Melting-point,  187°. 

Water  ....................   \a\D  —  +  66  o°  » 

Water,  <r  =   3625,     -  [offo  =  +  64  7    » 

Water,  <:  =  11.867,  [a]/,  =  +  65  2    1!1 

/-INOSITOI,.     Water,  \oi\D  =  —  65  °." 
Methyl-l-inositol,  quebrachitol.     Water,   [a]^  =  —  80°.  I5 

6,    Alcohols  with.  Seven  and  More  Atoms  of  Oxygen 

Heptitols,  CH2OH.(CH.OH)6CH2OH. 
rf-MANNOHEPTiToiv,  C7H16O7,  perseitol.  PerseitolfromZawn^ 

i  Fischer  Ber  d  chem  Ges.,  23,  375 

*  Fauconmer  Bull  soc.  chim.,  [a]  41,  119 

3  Fischer,  Hertz  Ber  d  chem  Ges.,  »s»  1247 

*  Ann  chim  phys  ,  [4],  37,  68,  145 
Ber  d.  chem  Ges  ,  35,  2554 
Fischer-  Ibid  ,  37,  1524 
Fischer,  Ktoty  Ibid  ,  33,  3827 
Maqueane,  Com.pt  rend  ,  top,  966 
Maquenne.  Ibid  ,  109,  812 

10  Combes  Ibid,  no,  46, 
n  Combes;  Ibid  ,  no,  46. 
12  Girard  Ibid  ,  no,  84. 
w  Girard  Ibid  ,  no,  84 
«  Tanret.  73»d  ,  109,  908 
«  Tanret  £oc.  at 


O    4 


tea  L.,  is  inactive  according  to  Muntz  and  Marcano,1  but 
Drding  to  Gernez,2  slightly  left  rotating,  and  in  aqueous  so- 
on for  c  —  7.36,  [a]g  =  —  i  22°. 

^ariety  from  ^-mannoheptose  :  for  cold  saturated  bornx  so- 
on, c  =  8,  right  rotating,  [oQS  =  +  4  75°-8 
)n  the  action  of  acid  sodium  and  ammonium  molybdate,  see 
',  p.  256. 

fowJMMOi,,  C7H10O7     Water,  p  —  10,  [«]£  =  +  1.92 
>ALAHEPTiTOiv,  CTH16H7.     Water  +  borax,  p  —  8.8,  [«]!> 

-435°-' 

t-GivticoocTiTOL,  C8H18O8.     Water,/  =  10  24,  d —  1.038, 

]'%=  +  2°.°    After  addition  of  borax  three  times  as  strong. 

7     Acids  with  Two  Atoms  of  Oxygen 

/-VALERIC  ACID,  methyl-ethyl  acetic  acid,  C2H6  CH8  CH. 
)2H  From  /-amyl  alcohol. 

[From  amyl  alcohol  of  [a]/,  =  —  44°    Boilmg-pomt,  173° 
174°,  (730  mm  )  ]      du  =  o  938,  \ci\D  =  +  13.64°  7 
[From   amyl   alcohol  of    [ar]£  =  —  5.2°.      Boilmg-pomt, 
4  5°  (768  mm  ).]    d%  —  o  936,   [a]  5  —  +  13.9°,"  [«]S  = 
ii  27°,   |XB?=  +  1084°° 

According  to  SchutzandMarckwald,10  valeric  acids  with  the 
tations  given  must  contain  still  about  20  to  25  per  cent  of 
purities  For  the  pure  substance  [«]/>  must  be  +  17°  to 

0  ,  see  /-valeric  acid 

Derivatives 

VAMJRALDKHYDE,  Boiling-point,  92.5°.  d°  =  °  82°9.  [a]^ 
+  i  7011   (maximum  value)      [a] ft  =  +  14  Q9°  ,   [«]7/?  = 

1  Ann  chuii  phys  ,  [6J,  3,  279 
i  Compt  rend  ,  114,  480 

>  Fischer  and  Passmore    Ber  d  chein  Gcs.,  33,  2226 

<  Fischer   /*/d.,  a8, 1973 

B  Fischer  Ann.  Chein  (Jviebig),  a88,  147 

'>  Fischer    Ibid,^  1*70,  99 

7  Guye  and  Chavnmie  Compt  rend,  116,  HS5 

8  Roger,  J  Chein  feoc  ,  63,  1134 

«  Guye  and  Amartil.  Arch,  sc  phys  Geneve,  [3],  33,  4<>9 
w  Ber  d  chein  Ges  ,  ap,  59 

11  Erlennieyer  and  Hell.  Ann  Chem.  (I/ebig),  160,  257 

12  Guye  and  Amnral   Arch  sc  phys.  (Jeneve,  [3],  33,  409 
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*=4-  11.13"; 

OF  fl?-VAI,ICRIC  ACID. 


s/>  =  +  9  97  c 


B  p  (730  mm  ) 

rfaa 

Mi. 

113  to  115° 
131  to  133 
154  to  157 
173  to  176 
165  to  167 
246  to  250 

0.882 
0.864 
0.860 
0.856 
0855 
o  982 

+  1683° 
+  1344 

-f  ii  68 
-f  10.  60 
+  1048 

-h    553 

Tfthvl  *»<st«ar  .    ........ 

_/V-Prot)yl  ester*  ••«••. 

Isobutyl  ester  •  . 
Benzyl  ester  

From 

valeric 

acid.- 

[«]  = 

H-  TS  64 


For  further  observations  of  Guye  and   Guerchgoriue,  se< 
Compt.  rend.,  124,  230 

/-VALERIC  ACID.  First  obtained  by  Schutz  and  Marckwald 
by  resolution  of  the  synthetic  acid  (froniethyl-methyl-maloni< 
acid),  by  aid  of  brncine  Boiling-point,  173°  to  174°  The 
rotation  for  the  following  colors  was  determined  by  use  of  the 
ray  filter  method,  $158. 


Wave-lengths 

Temp   20° 
d™  =  0934 

Temp   30° 

Red 

66  c  o  uju 

CttT  —         T^  en° 

j0 

Yellow  (Na)  

ego  2 

T/,  ge 

Git  ft 

Ooo  u 
488  t; 

•*'»  57 

AA&  2 

^7-75 

1A    TO 

32-  3 

(770 


ACID,  /?-j8-methyl-ethyl-prop:onic   acid, 
CH8  CH.CH.COjH 

From  flf-hexyl  alcohol.      Boiling-point,    196°  to  198 
mm.),  dls  =  0.930.     [a]  2  =  -j-  8.92°.  ' 

HEXYI,  ESTER  OF  CAPROIC  ACID     Boiling-point,  233°  to 
234°  (768  mm.),  flT'3  =  0.867       MiS=  +  i2.86°.B 

For  other  esters  see  Guye  and  Guerchgonne." 

1  Guye  and  Ainaral  Loc  cit 

*  Guye  and  Chavanne    Compt  rend  ,  116,  1455 
i  Ber  d  cbem  Ges.,  39,  52 

*  v  Rombnrgh  Rec  trav  chim  Pays-Bas  ,  5,  222 
"'  v  Romburgli 

b  Compt  reud  ,  124,  230  , 


ACID,  C2H6.CH8  CH.(CH2.CHaCOsH),     By 
Donification  of  amyl  acetoacetate. 

'thyl  ester....    /  =  25,        "      =  +  6.71,    t  —  75,       •'     ^=+592 
tiyl  ester t  —  21,        "  -    —  +  6  66,    /  =  72,       «'      =.-  +  5  87 

For  amyl  esters  see  under  amyl  alcohol. 
PARASORBIC  ACID,  sorbinoil,  CuHgOr     (XL/=  +  40. 8°. a 
</-PIPE;COI,INIC  ACID,  CBH10NC02H      Obtained  by  resolution 
the  racemic  acid  by  means  of  ^-tartaric  acid. 

Water,  p  -=  19  93,     [a]  %  —  +  33  4° 

Water,  p=    992          "     =+357 

/-PiPECOLiNic  ACID.     Made  by  aid  of  /-tartanc  acid. 
Water,  p  =    9  92,  [«]=s  =  _  3/)  8°  3 

8.  Acids  with  Three  Atoms  of  Oxygen  and  Derivatives 


CH3  CH  OH.CO2H  Sarcolacttc acid  (para- 
ctic  acid).  As  first  shown  by  Wislicenus/  certain  amounts 
E  the  ester  anhydride,  C8H,0O5,  and  of  the  lactide,  C8H8O+,  are 
I  ways  formed  in  concentrating  aqueous  solutions  of  sarcolactic 
cid  ;  both  of  these  bodies  have  a  strong  left  rotation  The 
Lght  rotation  of  the  acid  is,  therefore,  found  too  small.  On 
tanding,  the  anhydrides  in  aqueous  solution  pass  gradually 
nto  acids  and  the  rotation  increases.  See  §75,  p  280  As 
ughest  values  there  were  found . 

<•       4297>     O]/,  --  +  291° 
32  84,  3  46 

21  25,  2  66 

7  38,  2  78 

Also  by  Hoppe-Seyler  and  Araki '' 

p  =  39  85,    d    - 1  0907,    [»] }}  s      +3  48  to  3.54° 
22  90,  1.0538,  2.53 

T  i  19,  i  0273,  i  57  to  i  89 

For  the  rotation  of  the  pure  acid  made  by  Krafft  and  Dyes,7 
no  data  have  been  given. 

1  Welt .  Compt  rend.,  119,  855 

2  Doebuet    Her,  d  client  Ges.,  37,  348 

3  Meude    Ibid ,  39,  2887 

*  Ami  Cliem  (lyiebig),  167,  302. 
"  WisHcenus    Ii>tdn  i<$7,  334  to  327. 
8  Xtschr.  physiol.  Chem.,  ao,  369 
"  Her,  d,  chem  Ges.,  28,  2589, 


6.36U 

2.  p  •=.  9.08, 

Mi 

,  =  -6.56°* 

636 

8.29, 

6.64 

683 

653. 

6.84 

7-41 

5.89, 

6.83 

760 

4.l8, 

7.55 

Anhydride.— A  preparation  which  contained  84  per  cent,  of 
C6H10O5  and  16  per  cent,  of  CSH40,  gave,  in  alcoholic  solution, 
c=  19.54,  [d]D  =  —  Ss.p0.1 

If  but  a  few  per  cent,  of  the  anhydrides  are  present  in  lactic 
acid  solutions,  they  exhibit  left  rotation. 

d-Ladic  Add  Salts. 

These  all  show  left  rotation. 

Zinc  Salt,  Zn(C3H5O,)2  -f  2H20  The  rotation  of  aqueous 
solutions  increases  slightly  on  dilution.  There  was  found  for 
the  hydrated  salt 

i.  c  =  16  os,2        [«]  D  =  - 
ri.oi,* 

7,47, 
6.13, 
526, 

3.  /r=7-49,     [«]/>=  -6-83°* 

Zinc  Ammonium  Salt,  Zn  NH4(CsH5O3)3  +  2H2O 

'  Water,  c  =  8.00,      [a]  ^  =  —  6  06°  .4 

Calcium  Salt,  2Ca(C3H5O3)J  +  gH.O 

Water,  r  =  7  23,     [«]  D  =  —  3  87°  ' 
Water,  p  —  6  25,     [a]  0  =•  —  3  85  '• 

Lithium  Salt,  I/i.C3H5O3. 

Water,  p  =  5  to  12,  [or]  j,,  —  —  10  95  to  12.28°  6 

d-Ladic  Add  Esters. 

Methyl  ester df  =  i  100,  [«]  ^  —  —  n.  i°  \ " 

Propyl  ester dy  =  1.004,  [a]  ^  =  —  17  06  ' 

For  further  determinations  see  Frankland  and  Henderson  s 
/-I/ACTic  ACID.     By  resolution  of  fermentation  lactic  acid 
by  means  of  strychnine   (§33),  or  by  the  action  of  Bacillus 
addi  laevo-ladin  OH  cane-sugar 

1  Wislicenvts    Ann  Cbem  (I,iebig),  167,  321 

*  Supersaturated     Wislicenus  Ibid  ,  167,  332 

3  Hoppe-Seyler  and  Araki.  Ztschr  physiol  Chem  ,  30,  371 

*  Purdie    J.  Cbem  Soc ,  63,  1154 
5  Wislicenus .  Loc.  ctt 

*  Hoppe-Seyler  and  Araki  .  Loc  cit 
'•  Walker  J  Chem  Soc ,  67,  916 

*  Proc  Chem.  Soc  ,  n,  54.  (1895). 


ACIDS  WITH  THREE  ATOMS  OF  OXfGBST  5J7 

Water,  c  —  64  8,    \a\D  —  —  4  3° ' 

Water,  p—  12  43,         d=  10348,    ^  =  233,    [or]  D  =  —  4-72°  * 

Water,  p—   6.57,         d  =  10192,    *  =  23  6,        "    =—5-86 

l-Ladic  Acid  Salts 

They  all  show  right  rotation  in  aqueous  solution. 

Zinc  Salt,  ZnCC^AX  +  2H2O. 

i.         c  —       16.08          12.66  5-85  5-57  \  * 

|>]s  =  +    54        +5-2         +6.5        +6.30/ 

3.        ^  =  6751!         rff  =  1.0318,     [a]j5  =  +  632°.8 
Zinc  Ammonium  Salt,  Zn.NH4(C3H5O8)8  +  2H2O. 

P  =  8  63,    4*  =  1.035,     [«]  *  =  +  6  49°  I ° 
^  =  5.87,    "    =1024,        "     =  +  707    > 

Lithium  Salt,  IyiC8H608 

p  =  3  7  to  9  i,     [«]7)  =  +  13  5  to  12  7°  T 
Sodium  Salt     See  §57,  p.  202. 

,£"%//  .£!ster 

^19  _=  1.030,     \a\  D  =  +  14  52°  * 

'  |>]4y)-=-  +  i4.i9u  9 

[aj^^-f    86  10 

Chlor-propionic  And,  CH8.CHCl.COaH. 
Methyl  ester  of  the  af-acid-  da°   —  i  1520,   \a\D  =  +  *9  01°  |u 
Ethyl  ester  of  the  rf-acid. . .    "     =  i  0888,      "      =  +  12  86    J 
Methyl  ester  of  the  /-acid-    ^s   =  i  158,        "     =  —  26  83     j  u 
Ethyl  ester  of  the  rf-acid-  •    d\l  s  =  i  087,        "      =  +  19  5*     \ 
Propyl  ester  of  the  rf-acid..    d\    =1065,        "      =  +  n.o      ) 

Brom-propionic  Acid,  CH8.  CHBr.CO2H. 
Methyl  ester  of  the  rf-acid    d\7   =  »  482,     [a\D  =  +  42  65°  j  B 
Ethyl  ester  of  the /-acid.  •  dl°    =  I  386,        "     =  —  31  45     j 
Propyl  ester  of  the  </-acid.-  afj*   =1.315.        "     =  —  21.98 

i    Schardiuger  •  Wien  Monatsh  ,  n,  S5i 

a  Hoppe  Seyler  and  Arakl    Ztschr  physiol  Chem  ,  ao,  369 

»  Schardinger    Loc  cil, 

*  Purdie    J  Chem.  Soc ,  63, 1154 

B  Purdie  and  Walker    Ibid.,  61,  762 

«  Purdie  aud  Walker    Ibid  ,  61,  761 

T  Hoppe-Seyler  and  Araki-  Ztschr  physiol.  Chem  ,  ao,  37* 

s  Walker    J.  Chem.  Soc  ,  67,  91? 

•  Klimenko    J  russ.  chem,  Ges  ,  la,  30. 

10  Frankland  and  Henderson .  Prc  c  Chem.  Soc.,  u,  54  (J895> 

11  Walden    Ber  d  chem.  Ges ,  a8, 1293 
»  Walker  J  Chem  Soc.,  67,  918. 

13  Walker .  Loc  at. 


V/A   JR.VJJ.AJLXUIN  (Jtf  ACTIVE  BODIES 


AI<E:YL  OXYPROPIONIC  ACIDS.  Purdie  and  gander1  hav< 
pared  a  number  of  active  compounds  by  resolution  of  ma 
methoxypropionic,  ethoxypropionic,  and  propoxyprop 
acids  by  aid  of  cinchonidine  and  morphine.  The  author 
lieve  that  a  nearly  complete  separation  of  one  componei 
each  case  was  secured  and  numerical  values  are  given  foj 
free  acids  and  their  sodium  and  calcium  salts  as  follows  : 


/-Methoxypropionic  acid, 
Sodium  salt, 
Calcium  salt, 
flf-Bthoxypropiomc  acid, 
Sodium  salt, 
Calcium  salt, 
a?-Propoxypropiomc  acid, 
Sodium  salt, 
Calcium  salt, 


water.  •  .. 

c  —  13.475 

water.   .. 

c  —  16  530 

water..  •  . 

c—   9.53 

water.  .  .  . 

c  =  29.374 

water.. 

c  ~  17.965 

water.   .. 

(.  =  26  875 

water.   •• 

c  —  11.450 

water-  •  .  . 

c  —  30  750 

water..  .. 

C  —  12  OIO 

—  49.4, 

—  38.01 

-I-  48.05 
+  38.4C 
+  55.63 
+  48.94 
+  48  54 


Purdie  and  Irvine2  have  determined  the  optical  behavio 
methoxypropionic  and  ethoxypropionic  acids  and  esters  ] 
pared  from  active  lactic  acid. 

/?-OXYBUTYRIC  ACID,  CHS  CH.OH.CH2.COaH 
The  /-form  has  been  found  in  diabetic  urine." 
Add.     Water,  [oi}a  —  —  20.6°  * 

[«]/»  =  ~  23  4.° 

Sodium  Salt     Water,  p  =  32  i,  \oi\n 
d™  =1.0900,  O]/>=—  13  93°-B 

Silver  Salt    [«]  D  =  —  10.  i  °  ;*  £  =  i  4 

A  series  of  esters  of  d-  and  /-oxybutyric  acid  has  been 
vestigated  by  Guye  and  Jordan.8 
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ss  —  8.64 


In  hydrochloric  acid  solution,  left  rotating. 

1  J  Chem  Soc.,  73,  862  (1898) 
a  Ibid  ,  75,  483  f  1899) 

J  Miiikowski    Ber.  d.  chem  Ges  ,  17,  Ref  334,  535.    Kulz    Ber.  d.  chem  Geb  , 
Ref  534  ;i8,  Ref  451. 
•*  Afinkowski 

0  Killz  •  Ber.  d,  chem.  Ges.,  ao,  Ref.  591 

8  Deiclimiiller,  Szyraanski  and  Tollens  •  Ann  Chem.  (I,iebig),  aa8,  94. 

1  Kulz. 

8  Compt  rend  ,  lao,  1274  and  lao,  630. 


ACIDS  WITH  THREE  ATOMS  O#  OXtGBN  5*9 

From  conglutin  : 

aopercent  HC1 '  =  4.73,     [«]/»  =  —  17-5° 

From  active  (conglutin)  lettcin  : 

2opercent  HC1 £=5.00,     [>]/>  =  —  r7-3° 

From  inactive  leucin  • 

20  per  cent.  HC1 *-4-37,     !>]/,  =  -  f7-401 

By  resolution  of  the  a-amido  acid  from  fermentation  caproic 
acid  by  means  of  Pemcilhum  glaucum,  Schulze  obtained  an 
active  leucin,  different  from  the  ordinary  leucin,  and  which 
was  left  rotating  in  hydrochloric  acid  : z 

Acid c  -  4  to  5,     [a]  D  =  ~  26  o°  to  —  26.5° 

/-IjBUCiN.  In  aqueous  solution,  left  rotating  ,8  in  acid  or 
alkaline  solution,  right  rotating. 

From  casein  . 

10  per  cent  HCl    c  =- 6  4       [>]„  =  + 17  54°  I4 

Alkaline    c  --  5  6  "    —  +    6  65     J 

From  beet  molasses 

4percent  NaOH £^2371,          t  —  20°,  [«],,  .=  +  S.os06 

From  conglutin  : 

19  per  cent  HCl c  -  5.00,     [tf]/}  =  +  17  31°  « 

20  per  cent  HCl c  -4.73,          "    =  -)-  I7.37 

RICINKLAIDIC  ACID,  CH,(CHJ),CHOH  CH  CH  (CH2)K- 
COOH.  Melting-point,  53°. 

Acetone        c  .--  stois,  \_a~\u  =  +  4  8  to  5  4°  )" 

Alcohol c=i2,  "—  +  667°  J 

RICINOLEIC  ACID.     Isomeric  with  ncmelaidic  acid 

Acetone c  -  4  8  to  21,  t~  22°,   [«] D  --  +  6  27 to 7  5°" 

RICINSTEAROUSIC  ACID,   C17H80OH  COOH    Melting-point, 

51  °' 

Acetone c  —  6.4,     [«]  ^  =  +  13.67°  • 

I  Schulze  and  Bosshard.  Ztschr  physiol.  Chem  ,  10,  143,  Schulze  and 
Ber  d  chem  Ges  ,  34,  472 

"  Ber  d  chem  Ges  ,  a6,  56. 

» IvCwkowitsch  •  fbtd,,  17,  1439 

<  Mauthner  •  Jitschr  physiol.  Chem.,  7,  222 

6  I^andolt  •  Ber  d.  chem  Ges  ,  37,  2838 

*>  Schulze  and  Bosshard ,  Ztschr.  physiol.  Chein,,  9, 100 

?  Schulze  •  Ber.  d  chem.  Ges  ,  a6,  56. 

II  Walden    /*«/.,  37,  3471. 
•  Walden 


uv  ACTIVE  BODIES 

ACID,    C8H6.CHOH.CO2H.      Melting-po 
132.8°. 

By  resolution  of  the  inactive  acid  by  means  of  the  cine 
nine  salt  or  by  Penicilltum  glaucum? 

Water /  =  2886,     ^=1.0055,     [«]=?— 156 

Cinthomne  Salt. 
Chloroform  +  alcohol p  —  1.944,     [or]  JJ  =  +  153.91° 

On  the  resolution  of  mandelic  acid  see  papers  by  Rimbac 
and  by  McKenzie  s 

/-MANDEWC  ACID.  Melting-point,  132.8°  From  amygda 
or  by  resolution  of  the  inactive  acid  (through  the  cmchoni 
salt  or  by  Saccharomyces  elhpsotdeus  and  a  schizomycite)  * 

The  specific  rotation  of  solutions  in  water  and  glacial  acei 
acid  decreases  on  dilution  according  to  the  following  formulas 

Water q  —  91  to  97,     [or]??  =  —  212  52  ~f-  0.5777 

Glacial  acttic  acid q  —  82  to  97,          "    =  —  209.95  -}-  o  2714 

An  increase  in  temperature  of  10°  decreases  the  specific  rot, 
tion  of  the  solution  by  about  5°. 

On  the  behavior  of  methoxy-,  ethoxy-,  and  propoxy-subst 
tuted  /-mandelic  acid,  see  McKenzie.6 

/-Cinchonine  salt,  more  soluble  than  the  ^-salt. 

Alcohol  +  chloroform p  =  1.946,     [«]SJ  =  +  91.64° 7 

Walden8  gives  the  following  constants  for  /-mandelic  acid 
and  its  derivatives. 

Free  acid  Acetone £=2.50,       [#]/>  =  — 148.0° 

(m  p  I3i°-i32°)  Water 2.45,  —15306 

Amide                       Acetone 2.50,  —   66.6 

(m  p.i22°-i225°)Acetone 1.50,  —  66  7 

Methyl  ester            Carbon  disulphide..  3.33,  -214.1 

(b.  p  i6o0,32mm.)  "                  "      ..  167,  —217.0 

Acetone 3.33,  —  no.2 

1  I,ewkowltsch .  Ber  d.  chent  Ges  ,  id,  1568 

a  Ibid ,  33,  2385 

3  J  Chem  Soc ,  75)  964 

*  l^ewkowitsch    fler.  d  chein  Ges.,  16,  i57r- 

6  I,ewkowitsch    Ibib ,  16, 1567 

"  J  Chem  Soc ,  75,  753  (1899) 

T  I,ewkowitsch    Ber  d.  chem.  Ges.,  id,  1574 

8  Ztsclir  phys.  Chem ,  17,  706  ff. 


ACIDS  WITH  THREE  ATOMS  OP  OXYGEN  521 

Ethyl  ester               Superfused d  =  1.1270,  — 123.12 

(b.p.  i5o°,2i  mm  )  Chloroform c  —  6.67,  [<x"\z>  —  — 1284 

(m.  p.  35°)               "            3.33,  —126.4 

Acetone 5.81,  —  9062 

"     1.16,  —  87.1 

Carbon  disulphide..            5.00,  — 180,0 

2.50,  —1800 

"       •             0.88,  -180.5 

Isobutyl  ester           Superfused d  =  i  0870,  — 100  73 

(b.p.  159°,  19  mm. 

solid)                 Carbon  disulphide  •  •     c  =  50,  —  146  6 

"...          2.5,  -144.0 

z-Amyl  ester          b.p   i66°-i67°,  17  mm  d—  1.0531,  \a~\D  ~  —  9646 

/-Amyl  ester            "    i66°-i67°,  17   "             10530,  "           —   9402 
Acetylmandelic 

acid, methyl  ester    "177°,          45   "-          1.1546,  "          —146.37 
Propionylmaudelic 

acid.methyl  ester    "   184°,          45   "              1.1261,  "          —135.5 
Propionylmandelic 

acid,  ethyl  ester,  Superfused d—  1.0936,  "          —113.7 

(b  p  177°, 30  mm  Chloroform  c  —  10  o  "          —  iro8 

»  P-33°)                    "          50  "          —1094 

Carbon   disulphide.               50  "           — 13 1 5 

"                        25  —1268 
Valerylmandelic 

acid,  ethyl  ester,  b  p  I730-i74°,  i8mm   d—    10544,  "          —  9706 

Carbon  disulphide •     c—ioo,  —11725 

"         .               50,  -1169 

Acetylmandelic  acid ,  m. p.  56®   Acetone.               333,  — 1564 

In  addition  Walden1  gives  the  following  observations 
d'-PHENYiyCHivORACETic  ACID,   C8H6  CHC1.COOH.     From 
/-mandelic  acid.     Meltmg-pomt,  56°  to  58°. 

Benzene £  =  333,     [ofj /}  =  +  132. 13° 

5-33,  4-131-6 

Carbon  disulphide 4.00,  -(-  131 .3 

Chloroform 5.33,  -{-107.9 

Chloride,  liquid. 

b  p.  I2OJ  (23  mm. )     Carbon  disulphide  c  —  6  o,  [a] D  =  +  158  33° 
Methyl  ester,  liquid 

b.  p.  I35°-I36°(22  mm.)                          d=.  T  2087  +  107.55 
Ethyl  ester,  liquid 

b  p.  162°  (45  mm.)                               da°  =  i«*594,  +    25 19 

In  carbon  disulphide,  p  =  4,96,    d  =  1.2527,  +    26  39 

w-Propyl  ester,   b.  p.  180°,          60  mm.             1.1278,  +    2394 
1  Ztschr.  phys  Chem  ,  17,  714  ;  Ber  d  chem  Ges  ,  a8, 1295. 
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7-Amyl  ester,         "    i67°-i68°,  20  mm.    a?  =  1.0828,    !>]/>=-  +  23  3 
/-Amyl  ester,         "    i69°-i7o°,  24  "  1  0826,  -f  26.7 

rf-PHENYi,BROMACE)Tic    ACID,    CflH5.CHBr  C02H.      Fro 
/-mandelic  acid.     Melting-point,  76°  to  78°. 

Benzene  .....................  c  —  8.0,     \_OL\D  =  +  4540. 

Bromide,      liquid,   b  p.i45°-i47c,  24mm</=°  —  r  853,    [ar]^  ==  +  44-Sv 
Methyl  ester,      "        "172°,          53     "  14421,  +29.8: 

Ethyl  ester,         "        "  164°,         20    "  1.3893,  +  16  s< 

Isobutyl  ester,     "        "  i67°-i68°,  19    "  1.2892,  +   9.77 


ACID,  C3H7.C,,H4.CHC 

CO..H      Melting-point,  75°  to  76°. 

Benzene  .................    £  =  3.0,     [«]  n  --=  +  23.3°. 

ACID,      CSH7.C8H(.CHOH 


By  crystallization  of  the  cinchonine  salt  of  the  inactive  acid 
Melting-point,  153°  to  154°. 

Alcohol  ........  c  =  4  0568,    *-=i7°,     O]^,=  +  134-9° 

Quinine  salt  m  p.  I92°-I93°.2 

Alcohol  ......     c=  0.9248,     rf  --  24°,  —    794° 

Cinchonine  salt,  m  p  201°  2 

Alcohol  .....      c  =•  2.3014,     t  —  13°,  +  136  8° 

/-ISOPROPYLPHENYI,GI,YCOI,LIC  ACID.     By  crystallization  o 
the  quinine  salt  of  the  inactive  acid.2    Melting-point,  153°  tc 


Alcohol  ......  £=4.0916,    t--i7°,     \_Oi~]D~  —  135° 

Quinine  salt     m  p  2O4°-2O5°  2 

Alcohol  ..........  £=03800,     /=i3°,  —118.4° 

Cinchonine  salt,    in  p.  167°  2 

Alcohol  ........  £=13308,     ^--24°,  +    83.4° 


ACID,  CBHB.CH(CH2OH).COaH  Melting-point, 
127°  to  128°,  [a]D  =  4-71.4.  Solvent  and  concentration  not 
given." 

/-TROPIC  ACID.     Melting-point,  123°,  {a"]a  =  —  65.  2°.  a 

1  Fileti   J  prakt,  Chem  ,  [2],  46,  561  ;  Gazz,  chim  ital  ,  aa,  a,  395 

1  Fileti  ,  Lac  at 

*  Ladenburg  and  Huudt  .  Ber  d  chem.  Ges  ,  aa,  3591. 
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ACID,  CHjOH.CH.OH.COsH. 

The  racemic  acid  obtained  by  oxidation  of  glycerol  with, 
nitric  acid  has  been  resolved  by  means  of  Peniallium  glaucum1 
and  Bacillus  ethaceticus?  In  the  first  case,  the  left-rotating 
acid  remains  un attacked,  and  the  right-rotating  in  the  second 
case. 

Here,  as  with  the  lactic  acids,  the  rotation  determinations 
are  inaccurate,  because  on  evaporation  of  the  aqueous  solutions 
a  change  into  a  left-rotating  anhydride  seems  to  take  place  • 
c—-  20,  acid  (calcium  salt  an  A  oxalic  acid),  [or]J?=  -f-  2  14°  8 

Salts  of  the  d-Acid.     Left  rotating 

Detailed  observations  have  been  made  by  Franklatid  and 
Appleyard, l  who  give  the  following  figures  : 


[« 

f]/J 

liydrated 

anhydrous 

salt 

salt 

I4(C,HD0«)  

10 

II 

—  20  66° 

Na(C,H,Ot)l-ViH,0   .    .   . 

10 

12 

—  16  13 

K(C,H,0,)        

"•635 

18 

—  16  46 

K(C,HB0,)(C,H6Ot)  

10.359 

18 

.. 

—    924 

NH4(C,H,04)    

10  610 

20 

—  18  05 

Ca(C,H40,),  -I-  2H20   .... 

10 

T7 

~ii  66 

—  1334 

SrtCnHjOJ-j  -|    3H2O  

10 

15 

—  1008 

—  ii  91 

Ba(C,H80,)1H   2H,0   •    •   •• 

10 

—  907 

—  10  OI 

Mg(C8H6Oj)2    |    HjO    « 

10 

19 

-1865 

—  20  08 

Zn(C»H*O,^,  4  HO  

IO 

16 

—  22  l8 

21  6? 

o    3 

Cd(C5H,04)J+  iVjH,0   .... 

IO 

19 

—  I4.II 

—  1529 

Esters  of  the  d-Add.     Left  rotating. 

Frankland  and  MacGregor5  have  investigated  the  following 
liquid  esters  • 

1  I,ewkowitsch  :  Ber  d.  chem.  Ges.,  16,  2720 
3  Frankland  and  Frew    J  Chem.  Soc,,  59,  96. 
y  Frankland  and  Frew  :  fdtd.,  59,  101. 
>  *  ],  Chem.  Soc.,  63,  996. 
8  Ibid,,  63,  511, 1410. 
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Methyl  ester d§  ~  1-2798,  t  =  15° ,        [a]D  -  - 

Ethyl  ester 1.1921,  15°, 

jV-Propyl  ester i  1448,  17°.  — 

Isopropyl  ester 11303,  J5°,  ~ 

//•Butyl  ester 1.1084,  17°,  - 

Isobutyl  ester 11051,  i8°-i9  5°,  — 

,S?£-Butyl  ester    11052,  19°,  — 

Heptyl  ester 1.0390,  18°, 

Octyl  ester i  0263,  19°. 

On  atnyl  esters  of  af-glycenc  acid,  see  Frankland  and  P 

Esters  of  ^-diacetylglyceric  acid  were  tested  by  Frani 
and  MacGregor." 

See  also  the  following  papers  : 

Ethereal  salts  of  active  and  inactive  monobenzoyl-,  dibenz' 
diphenylacetyl-,  and  dipropionylglycenc  acids.8 

Effect  of  the  mono-,  di-,  and  trichloracetyl  groups  on 
rotatory  power  of  inethylic  and  ethylic  glycerates  and  tartra 

Frankland  and  Aston8  give  the  following  values  for 
specific  rotation  of  the  methyl  and  ethyl  esters  of  dito 
glyceric  acid. 


WS 

C«]r. 

Methyl  diparatoluyl  glycerate 

+  41-21° 

+  /L2  A.T 

4-  25  09° 
-f  26  18 

Methyl  dibenzoyl  glycerate  

-f-  26.67 
+  2608 

+  1743 

+  18  01 

Methyl  dunetatoluyl  glycerate.   •  • 
Ethyl  dimetatoluyl  glycerate..   .. 
Methyl  diorthotoluyl  glycerate  .  . 
Ethyl  diorthotoluyl  glycerate  

+  26.40 
+  26.89 
+  20  19 

-|-  21  64 

+  16.45 
+  17.40 
4-  13  08 
+  13-80 

PHENYLDICBXORPROPIONIC ACID  (cinnamic  acid  dichlorid 
C8H6.CHC1— CHCl.COaH.     Resolved  by  aid  of  strychnine. 

rf-Acid,  (XU  ==  -f  66.5°. 

Methyl  ester  :  Alcohol  |V|  D  =  +  61.9° 

Ethyl  ester  :  Alcohol +64.1 

i  J  Chem  Soc,,  71,  253 

a  Ibid  ,  63, 1419. 

3  Frankland  and  MacGregor     Ifad.,  69,  104  (1896) 

*  Fraukland  and  Patterson    /<5zrf.,  73,  181  (1898) 

3  Ibid  ,  ,  75,  403  (1899). 
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/-Add,  [«]„  65.9°.' 

The  following  compounds  nmy  also  find  a  place  here  : 

(/?)-TVROSIN.  CtlIIl«)H)CH.NH,C()aU.  MdthiK-point, 
235°  (Uppmann1)  ;  2ijo°  (  Kxlonmeyer  and  Lippnmnn"). 

Rotation  in  at  invents  sttlutiou  in  piesonee  of  acid  or  alkali. 

From  silk  : 
21  per  cent.  HCl  ............  <        451,    /      16.2'  ,    JVJ,,         7.9**"  ' 

i  r.fi  JUT  cent.  KOI  1  .........  5.K,  ^0.5,  9.01 

xi.  6  percent    KOH  .........          n.5t,  16,1,  «.«fi 

From  beet  molasses  : 
21  percent  HC1  ........  ....  t        3.9^,    /      jo",       [tv]n  S.t»r  s 

From  conglutin  : 
a(  jwr  cent.  HC1  .............       5,     (>]„  H.  }8l  « 

I  per  cent.  HC1  ............         5,  15.6 

A  tight-i  otatinj*  tyio.sin  is  known,  ]>]/•  I  6.85,'  but 
whetlu'i  or  not  this  is  a  |x>siiwn  isomur  has  not  been  dctcr- 
mined. 

CVSTIN  (  SO  CII  ,  )  (  N  II  .  )  (  C(  )(  HI  )  )  , 


m  .muuoni.i  ......      />       ID^J,     [<K~\,  141  ''  " 

Dilute  hyilnichlcii  tc  IICK!   .        /       o.Hlo  j,  I  <v  I  ^05  S6"  " 

Dilute  hv«lr«iohli»ru'  an«l  .    .     <        .»  i  \,  '"'  Ji  f1  '" 


/tt'n  vltnt  1  1  tififin  it  .  It  ft/, 

CH1CONH.C(SC1,Hini)(CII1)  COOH. 

ft       ijloi«i,     \tv~\,>  ft.?' 

Dilute  NuOH  .  ^«5,  |    ft.  \ 

t<it/t  CII.CONII  C(»SC9IIB)(CII,)COOH. 


Mr  .V<r//,  CH1C(>NII.C(vSC(1IIB)(CIIil)C(K)Na. 
Mkitltne  solution  .........  p      S,      [/*•]/,        I  < 

ttrinri  .  HI*I   il  rhrm  (.PI,  J7,  SHo 


J  /A**/.,  17,  ^47. 

Ann  CUriii  (I.tchiK),  J>«9,  17  i 
4  Muuthnn  ;  Muimtxh  Chcni  ,  3,  H,t, 
!l  Lnudtilt  ;  Itri   i),  dicni.  <5c»,,  17,  JH,(H, 

*  Ht'hul/t*  iintl  HtMwtmtit    /.tMi*hr  phyHioI.  Clicm.,  p,  gs, 
1  I.ippmAtin  ;  Her  tl.  diem,  tlcn  ,  17,  as^y, 

"  Kill*  .  /twin   filt  lllologie  by  Klihne  Riul  Volt,  »o  [N.  \>.  i],  9. 

*  MnutUncr:  X.tw-hr,  pliyslol  Cticiu,,  7,  aas, 
ll>  Ilfttittmnn    /Airf  ,  8,  305. 


Bromphenylcystein,  (NHJ  (CH3)C(SC()H,Br)COOH. 

Dilute  NaOH .--•    p  —  9,       )>]/>=  —  3  7°  l 

10.  Acids  with  Five  Atoms  of  Oxygen 
Malic  Adds,  CO,H  CH.OH.CH2.COZH 

NATURAL  MAUC  ACID,  commonly  known  as  /-malic  aci 
This  was  first  investigated  by  Pasteur2  m  aqueous  solution 
found  to  be  left  rotating     L,ater  investigations  by  Schne, 
showed  that  the  left  rotation  decreases  with  increasing  < 
centration,  that  inactivity  is  reached  with/  =•  34.24,  and 
then  right  rotation  follows      The  dependence  of  the  spe< 
rotation  on  the  percentage  amount  of  water  in  the  solutic 
is  shown  by  the  formula, 

[«]Sf  =  5  891  —  o  08959  q  (q  —  30  to  92), 
which  gives,  for  example,  the  following  values  : 


9 

p 

MS 

9 

/ 

Ms. 

3° 

70 

+  3.203° 

70 

30 

—  0.380^- 

40 

60 

-r  2.307 

80 

20 

—  1  276 

50 

50 

+  I-4I2 

90 

10 

—  2  172 

60 

40 

+  0.516 

95 

5 

—  2  62O 

According  to  the  above  formula,  the  anhydrous  malic  ac 
must  have  the  rotation,    [ar]  D  —  -f-  5  89,  and  the  substan 
must,  therefore,  be  considered  as  right  rotating.     As  shown 
§63,  however,  the  right  rotation  may  possibly  depend  on  t1 
formation  of  crystal  molecules,  and  as  the  ordinary  aqid  shov 
left  rotation  in  other  liquids  besides  water,  acetone  and  meth 
alcohol  for  example,  it  is  advisable  to  retain  the  old  designatic 
of  /-malic  acid  to  avoid  misunderstanding. 

The  right  rotation  of  concentrated  solutions  is  dimimshe 
by  increase  of  temperature,  but  the  left  rotation  of  dilute  soli 
tions,  on  the  other  hand,  is  increased  A  solution  with  pei 
centage  strength/  =  28.67  is  right  rotating  below  15°,  bu 
left  rotating  above.  For  further  details  see  §60. 

On  the  rotation  dispersion  of  malic  acid  see  §46. 

1  fiaumann    Ber  d  chem.  Ges  ,  15,  1731 
-  Ann  cfcim  phys  ,  [3],  31,  81 
a  Ann  Chetn.  (I^iebig),  aoy,  361 
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For  the  rotation  of  solutions  in  acetone  and  methyl  alcohol, 
Walden1  found  : 

Acetone. c—^SZ,     [.a~\n  ==  —  5f°  *° —  534° 

Methyl  alcohol 30,  — 2.78 

Influence  of  Sulphuric  Add  and  Acetic  Acid  on  the  Rotating 
Power  of  I- Malic  Add. — According  to  the  experiments  of 
Schneider,2  the  left  rotation  of  dilute  solutions  of  malic  acid  is 
decreased  by  addition  of  increasing  amounts  of  the  acids  named, 
and  after  passing  a  point  of  inactivity,  an  increasing  right 
rotation  follows.  The  following  figures  were  obtained,  which 
are  given  in  connection  with  the  value  of  [«]„  for  the  pure 
aqueous  solutions  • 

I    SULPHURIC  ACID. 


Composition  of   the  solutions  in 

C4Ht)Or, 

per  cent  by  we 
HaO 

ighl 
HaSC),. 

Mol  HgSO4  to  i 
mol  C+HflOa 
-|-  100  inol  H«O 

Found 

Ms. 

[<i/> 
without 
H2S04 

676 

90-77 

247 

i 

-  I  33° 

—  2  46^ 

659 

88.58 

4  82 

I 

—  o  76 

—  2  48 

644 

86.50 

7  06 

ii 

—  o  20 

—  249 

6  29 

84.51 

9  20 

2 

+  O  21 

-    2  50 

6.15 

82  61               ii  24 

al 

-t    084 

—  252 

II    ACJEWIC  ACID. 


Composition    of    the  solutions  in 
per  cent  by  weight 


C4H«Or, 

irso 

caHloa 

TOO4 

6747 

22.49 

820 

55.08 

3672 

6.00 

40  29 

53.7r 

529 

3552 

59-19 

Mol    CoH40:i  to  I 
mol  C4H«Of, 
f-  50  mol  HoO 

Found 

[«]% 

[«]* 

without 
C2H402 

5 

-135° 

—  2  17° 

10 

—  057 

-2  33 

20 

-i   o  13 

-2  53 

25 

-1   o  14 

—  259 

Rotation  without  Addition  of  a  Solvent. — Prom  the  formula 
of  Schneider,  above,  which  shows  the  dependence  of  the 
specific  rotation  of  aqueous  solutions  "Sf  malic  acid  on  the  con- 
centration, it  follows  that  the  acid  must  be  right  rotating  in 

i  Ber.  d.  cliem,  Get).,  39,  137 
-  Ann,  Chem,  (I^iebig),  307,  279 


anhydrous  condition,  and  show  [«r],,  =  -f  5.89°  at  a  U 
perature  of  20° 

Walden1  has  been  successful  iti  observing  this  right  rotat 
by  rapidly  melting  the  acid  at  a  temperature  of  100°  to  1  1 
and  pouring  it  into  a  glass  trough  with  parallel  end  surfac 
In  the  hot  condition  the  liquid  mass  rotated  to  the  left,  1 
after  cooling,  the  rotation  was  to  the  right.  The  followi 
rotations,  referred  to  a  layer  i  dm.  in  thickness,  were  found 
the  Landolt  ray  filter  method 

Temper  attire 


90°-95° 
....          A  A.  ° 

I      ~    e«" 

Yellow  (D) 

i     O'O 

!     e  tv 

...  .            fi  i° 

\    5-2 

I    A  R1' 

Lirfit  blue.... 

-  -7.0° 

1    »  »fl 

The  fused  mass  when  dissolved  in  acetone  exhibits  le 
rotation,  and  the  more  strongly,  the  longer  the  heating  wj 
continued  ((>]„  =  —  8°  to  —  16°).  This  shows  the  betfii 
ning  of  anhydride  formation 

Alteration™  the  Add  on  Heating.—  -As  Walden'  found,  nmli 
acid,  when  heated  in  the  dry  condition  to  100°  for  t  went}'-  ton 
hours,  or  when  heated  through  a  shorter  time  to  165°  in  vaeuo 
is  converted  into  a  tribasic  anhydro  acid,  CHH1UO(,,*  while  at  i 
higher  temperature  (i8o°),a  dibasic  acid,  CHHMOM,  is  formed 
The  two  anhydrides  show  strong  left  rotation  when  dis 
solved  in  acetone,  amounting  to  [«]„  =  —  19  to  25°,  whik 
the  original  acid  shows  [a]^  =  —  6°  to  --  7°. 

Rotation  of  Make  Acid  in  Different  Solvenfs.—  Experiments 
on  this  point  have  been  made  by  Nasim  and  Gennnri"  and 
also  especially,  by  Walden/  By  help  of  ray  filters,  the  latter 
found  the  following  specific  rotations,  from  which  the  cunc- 
spondmg  dispersion  coefficients,  DC,  referred  to  r«]f  ,  r 
were  derived.  All  the  values  obtain  for  a  temperature  of  i««' 
As  usual,  c  is  the  number  of  grams  of  malic  acid  in  100  ce.  of 
solution 

1  Ber  d  chem  Gesl33,  2849  (iSoo) 

2  Ibid,  33,2706(1899) 

«  Ztschr  phys  Chem.,  |9,  I1? 

*  Ber  d  chem  Ges  ,  3a,  2856  (^99) 
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It  was  found  that  the  rotating  power  of  /-malic  acid  is  sub- 
ject to  extremely  great  variations. 


Solvent 

Ben?yl  alcohol 

i  vol  benzyl  alcohol, 
i  vol  benzene. 

3  vols  benzyl  alco- 
hol, 2  vols.  carbon 
disulphide 

t,. 

13. 

6 

4.8 

[or]  Red    

+    2.7°  Dc^=  i 

+  i  3°    DC  —  i 

+  I  8°  DC  =  I 

Yellow  D. 

+    40              i 

5 

+  3  25               25 

+  3-4                 I  9 

Green    .  •  . 

+     5-5                     2 

.0 

+  4  75              37 

+  4-4                 2.5 

I/ight  blue 

+    77               2 

.85 

+  6  75              52 

+  6.5               3-6 

Dark  blue. 

-f  ii  o              4 

.1 

+  97                75 

+  85               4-8 

In  the  above  cases,  the  /-malic  acid  exhibits  right  rotation 
with  strong  rotation  dispersion. 


Solvent 


Red.  .. 
Yellow  D. 
Green 
Light  blue 


766 

-3  7e 
-46 

-52 
-59 


Formic  acid 

Acetone 

38.3 

/13I78° 

237 
t  =  o° 

—  08° 

—  5.0°  DC  =  I 

—  46°  Dc= 

—  075 

—  60                    12 

-55 

—  04 

~7I                     1  42 

-  67 

+  06 

-  7  5               i  5° 

—  70 

I 

I  2 

45 

152 


In  these  solvents,  as  in  the  following,  the  acid  is  left-rotating 
With  formic  acid  the  rotation  decreases  with  the  concentra- 
tion and  becomes  even  positive  for  the  blue  rays. 


Solvent 

3  vols   acetone,  a 
vols.  benreiie 

Phenyl-methyl 
ketone 

i  vol  phenyl-methyl 
ketone,  i  vol 
paraldehyde. 

c 

944 

5 

S 

[a]  Red  .  •  •• 

-  4-0° 

-3-6° 

-30° 

Yellow  D> 

—  41 

—  40 

—  3-0 

Green  .  •• 

—  4.1 

-40 

—  30 

lyight  blue 

—  4.2 

-46 

—  3-0 

In  the  above  liquids  we  notice  the  very  peculiar  phenom- 
enon that  the  rotation  is  nearly  the  same  for  all  rays.  The 
same  behavior  was  observed  by  Nasini  and  Gennari  for 

34 
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aqueous    solutions  of  malic  acid  having  a  concentrati 
c—  8.48.1 


Solvent. 

i  vol  acetone,  i  vol  isotmtyl 
alcohol 

Isobutyl 
alcohol 

i  vol  fc 
acid,  i  vol 
acetat 

f 

n  8 

5 

10 

958 

DC. 

DC 

DC 

[a]  Red    

-58° 

I 

—  62° 

I 

—  32° 

I 

-    7-5° 

Yellow  D 

—  66 

1.  14 

-6.3 

I 

—  3-7 

I  16 

-   89 

Green  .... 

-74 

128 

-84 

1.35 

—  41 

130 

—  10.4 

I/ight  blue 

-8.9 

ISO 

-85 

1-37 

—  44 

137 

—    12  0 

3 

Dark  blue- 

—  86 

138 

—  50 

156 

•• 

• 

In  the  above  solutions  the  rotation  increases  but  slig- 
with  the  refrangibility  of  the  rays  ;  the  rotation  dispersio 
consequence  is  but  weak. 


Solvent 

i  vol  acetone,  i  vol 
paraldehyde 

Acetaldehyde 

Pyndme 

c 

xi  8 

4 

5 

[ar]  Red  

—  T2  i°  n/  —  T 

_  n-t    rjO     /),.  __   T 

Yellow  /?. 
Green  .... 
I/ight  blue 

—17  6               i  35 
-22,9               1.75 

—  27.5                    2.10 

•*a  i     •£'<-  —  * 
—28  7                 i.  21 

—32  5                1-33 
—38-7               i  63 

—  300                I 
—  360                I 

These  three  liquids  which  are  able  to  act  chemically  on  t 
malic  acid  produce  a  very  strong  increase  in  the  left  rotatio 
while  the  dispersion  is  not  greatly  increased. 

A  substance  which  has  the  power  of  enormously  mcreasin 
the  activity  of  malic  acid  is,  as  Walden2  observed,  uranj 
nitrate  with  simultaneous  addition  of  alkali.      The  specifi 
rotation  with  this  addition  may  be  increased  to  158  times  tha 
shown  by  a  pure  aqueous  solution  of  the  acid  of  the  same  con 
centration.     It  is  probable  that  the  high  rotation  correspond, 
to  the  alkali  salt  of  a  complex  uranyl  malic  acid.     Walden  has 
investigated  the  following  ten  mixtures  of  different  compo 
sitions,  in  which  it  is  seen  that  the  maximum  of  rotation  is 
found  in  solutions  Nos,  6  and  7,    These  correspond  to  a  relation 

*  Loc  ctt. 

3  Ber.  d  chem  Ges ,  30,  2889  (1897) 
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of  i  mol  of  malic  acid,  4  mols.  of  potassium  hydroxide,   and 
i  to  4  mols.  of  uranyl  nitrate,  UOa(NOs)2+  6HaO. 


In  100  cc  aqueous  solution 

No 

Malic  acid 
Grams, 

Potassium 
hydroxide 
Grams 

Uranyl 
nitrate. 
Grams 

aD 

2  dm 

M* 

I 

0.65 

1.  08 

.  , 

—  004° 

1° 
o 

2 

0.65 

.... 

IO 

—  o  14 

—    II 

3 

065 

0.27 

2 

—  I.8o 

—  139 

4 

0.65 

0.54 

2 

-360 

—  277 

5 

065 

o.S4 

IO 

—  3  13 

—  241 

6 

065 

i  08 

3 

-617 

—  475 

7 

065 

i.  08 

10 

—  6  09 

—  470 

8 

0.65 

i  08 

20 

-581 

—  447 

9 

065 

i  08 

34 

-543 

—  415 

10 

065 

i  62 

IO 

-586 

—  451 

By  uranyl  acetate,  with  addition  of  alkali,  the  rotation  not 
only  of  malic  acid,  but  also  that  of  ^-tartanc  acid,  ^-methyl 
tartrate,  /-quimc  acid,  and  /-mandelic  acid  is  greatly  increased, 
and  with  preservation  of  the  direction  of  rotation  of  aqueous 
solutions  of  these  substances  On  the  other  hand,  uranyl 
acetate  produces  no  increase  m  activity  in  rf-chlorsuccinte 
acid,  /-bromsuccinic  acid,  and  d-amyl  acetic  acid.  The  action 
appears,  therefore,  only  when  the  acids  possess  a  free  hy- 
droxyl  group.1 

Salts  of  l-Mahc  Acid 

The  specific  rotation  of  aqueous  solutions  of  these  has  been 
investigated  by  G.  Schneider.  *  He  gives  the  following  formulas 
for  the  relation  of  the  specific  rotation  to  the  percentage  con- 
tent of  water  q  holding  for  the  temperature  of  20° 


KHC4H406    y-73-90, 
K2  "  38-90, 


NaH       " 

39  80, 

Na-j 

34-94, 

I*iH.        " 

50-90, 

Lig          " 

60-94, 

NHtH.    " 

72-94, 

(NH4)g   » 

37-83, 

0.6325  -o  05562  ? 
3.016    —0.1588    ?  +  o  0005555  0* 
9367     —0.2791    #  +  0.001152  q* 
15202—0.3322    q  +  o  0008184  Q* 

8  572  —  0.3573    q  +  0.001868  q1 
26  717  —  o  6821    q  +  o  002878  #* 

3-955  —  o  02879  q 

3  315  —  o  005042  q  —  0.0005115  q* 


1  Waldeii    Ber.  d.  chetn.  Ges.,  30,  2889  (1897). 
s  Ann.  Chem  (I,ieblg),  307,  266  to  277. 


The  specific  rotations  for  a  number  of  solutions  are  accord- 
ingly : 


p 

- 

KH 

K» 

NaH. 

Na. 

I,lH 

I/is 

NH4H 

(NH4)2 

60 

An 

_.,.  2  JC° 

4-  o  o<t° 

4-  1  22° 

—  A.  "HA0 

50 
40 
30 

20 
10 

50 
60 
70 
So 
90 

-  4-53° 
-508 

—  564 

-3-59 
-4-SI 
-5.38 
-6l3 
—  678 

-I.7I 
—  323 
-4-53 
-559 

+  0&4 
-I78 
—  4.04 

—  6  14 
—  807 

—  462° 

—  6  14 
—  7.29 
—  806 
-845 

-385° 
—  693 
-943 
—II  36 

-  5-97° 
-6.26 

-6.55 

-485 

—  5.46 
—  6.17 
—  6.99 

On  the  inactivity  point  in  the  concentration,  see  §57. 1 

For  dilute  solutions  of  salts  of  malic  acid  see  §61 . 

A  series  of  observations  on  the  specific  rotation  of  neutral 
sodium  malate  has  been  carried  out  by  Th.  Thomsen.2  Accord- 
ing to  these  experiments  the  point  of  inactivity  is  found  for  a 
strength  of  45.63  per  cent,  of  the  salt 

Through  the  presence  of  free  alkalies,  the  rotation  of  the 
malates  is  displaced  in  the  direction,  left  to  right,  that  is,  the 
action  follows  in  the  same  direction  as  with  addition  of  free 
acids.  The  following  experiments  by  Thomsen3  show  the  ex- 
tent of  the  change 

Ws 


p 

Of  the  pure 
Na-AI^O., 

After  addition 
ofimol  NaOH 
to  i  mol  salt 

Amount  of 
change 

2893 

—  402° 

+  037° 

439° 

1923 

—  63I 

—  4.05 

2  26 

1094 

-79°4 

—  656 

134 

1  In  using  the  interpolation  formula  with  three  constants,  the  composition  of  the 
solution  with  which  inactivity  must  appear,  is  most  easily  found  by  bringing  the 

«pation A-ag  +  Cfi-o  into theform  f  +  ^ -^,  and  then  applyillg  the 

two  trigonometric  formulas 


c    nr 

'~B~\I~C 


=  sino, 


*    nr 


*  J-  prakt  Chem ,  [2],  35, 153 
8  Loe  at 

*  Calculated  from  Schneider's  formula 
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p 

Ws 

Of  the  pure 
Na2C4H4Ou 

After  addition  ' 
ofamol  NaOHi 
to  i  mol  salt   1 

Amount  of 
change 

2723 

-484° 

+  10  74° 

I5580 

1871 

938 

—  639 
—  Sig1 

+    199 
—   5°9 

838 
3  10 

The  alteration  increases,  therefore,  with  the  amount  of  free 
alkali  added,  and  is  the  greater  the  stronger  the  solution  is. 
Solutions  which  are  originally  left  rotating  become  in  this 
way,  easily,  right  rotating. 

The  influence  of  temperature  on  the  specific  rotation  of  the 
malates  is  shown,  as  with  tht  free  acid,  in  displacing  the  rota- 
tion in  the  direction  right  to  left  for  increase  in  temperature. 
Th  Thomsen^  has  noted  the  change  for  the  following  salts : 

1  NasC4H4O5 


P 

3386 

2325 

16  29 

[«]/>* 

,        P 

\    4275 
,    2860 

,     1951 

I    14  46 

[*]/»•* 

10° 

20° 

30° 

10° 

20° 

300 

-448° 
-518 
-562 

-  5-22° 
—  590 
-635 

-5850 
-657 
-709 

+  038° 
—  341 
-530 
-598 

-089° 
-452 
-636 
—  707 

—  204° 

-558 

-741 

-7.96 

Barium  Malate,  BaC4H40, 

p  —             9  383             s  505 
r*TS=            +818°         +8.05° 

4  994               *  965 
-t-  4  69°          -  2  58° 

This  salt  is,  therefore,  right-rotating  down  to  a  strength  of 
the  solutions  of  about  3  per  cent.3 

Ammonium- Antimonyl  Malate,  NH4SbOC4H4O5,  shows  a 
very  high  specific  rotation  to  the  right 

Water.,  p  =  6  845,  t  =  17°,   [«L  =  +  II5-47,  [«]a  =  +  102.64.°* 

i  Calculated  from  Schneider's  formula 

s  Ber  d  chem  Ges ,  15, 443 

a  Schneider   Ann  Ghent  (kiebig),  207,  277 

*  Pasteur    Ann  chim  phys  ,  [3!  3*1  85 


For  the  action  of  alkali  molybdates  and  tungstates  on  i 
acid,  see  §70,  p.  250. 

Esters  of  l-Malic  Add 

Walden1  gives  the  following  constants  for  the  derivative 
ordinary  malic  acid  : 


Boilmgr-pomt 

mm 

4T. 

o 

—  e 

—  1C 

—  I] 

—  1C 

—  JI 

Dimethyl  malate  

125° 
149 

152 

147 

175 
TQi-igz 
191-192 
230 
157 
145 
162-163 
179 
145-147 
150 
150 
162-163 

174-175 
190-192 
140 
1  60 
158-160 
168 
182-183 

195 
187-188 
182-184 
194-195 
178-182 
192-193 

195-197 
187-188 
188-190 
177-180 
(Chlorofo 
m(p  156-158, 

196  c2: 

m.p     196 
181 
ti        i 

207       ' 
1  93-195   ' 

10 

25 

10 

14 
15 

20 
20 
2O 

35 

10 

16 

20 

8 
9 

JO 
12 

16 

14 

8 
15 

10 
10 

17 

16 
37 
15 

22 

1O 
17 
15 
12 
10 
12 

rm,  c- 

water, 
K 

H40, 

1  1 
K 
tt 
ii 

12337 
1  1294 
1  4380 
1  0760 
1  0418 
1  0176 
1.0179 

o  9761 

1  1975 

I  1168 
i  0724 
i  0362 
i  1609 
10958 
i  1317 
i  0736 
10417 
i  0146 
i  1255 
i  0688 
i  1034 
i  0605 
i  0263 
i  0045 
i  3062 
i  1566 
i  5072 
13936 
*  3150 

I  2022 

r  3325 

1.3059 
1  2850 
^40) 
^=432 

c-=-8  65 

C=rl  50 
£=0750 
<?  =  2.00 
C~l  00 
£—1.00 
£—  I.OO 

Diethyl                 

Diproovl               

Diisobutyl            

DW-amyl               

Di-t-amyl             

—    6 

-  I 

—  22 
—  22 
—  22 
—  21. 
—  22 
—  22 
—  22 
—  22 
—  22 
-    21  i 

Dimethyl  acetylmalate  
Diethyl               "           

Dipropyl             "           

Dnsobutyl          "           , 
Dimethyl  propionylmalate     .... 
Diethyl                   " 
Dimethyl  #-butyrylmalate  

Diethyl                  "             
Dipropyl                "             .... 
Dnsobutyl              "            

Dimethyl  isobutyrylmalate  

Diethyl                   '  •            

—  22  , 

-    21  < 
—  22  k 
-    22  C 
—  21  f 

-  19  c 

-232 
-    235 
-    22  4 
~  224 
~  22  2 
-203 
—  22  4( 
—  24  71 
—  22.5' 

~-i88( 
-376 
—  38.0 
—  6066 
-  58.66 
—  65  o 
-66.5 
—  700 
—  51  S 

Dimethyl  isovalerylinalate  

Diethyl                 "            .... 
Dipropyl                "               ... 
Dnsobutyl              "             ... 
Dimethyl  chloracetylmalate  

Dipropyl           "                       ... 
Dimethyl  bromacetylinalate  .     . 
Diethyl                  "                  ... 
Dipropyl                 "                  . 
Diisobutyl              " 

Diethyl  ff-brompropionylmalate    . 
Diethyl  or-brombutyrylmalate 
Diethyl  ff-bromisobutyrylmalate 
Dimethyl  mtromalate  
Malic  acid  diatnide  

n                 ii 

ii                 ii 
"            di-o-toluide  

<>                «i 

"            di-/-toluide    
"            P-naphtimide  

i  Walden    Ztschr  phys  Chem  ,  17,  248 
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Boiling-point 
at  12  mm 

d?. 

M* 

Methyl  malate  

122° 

T  277/1 

6  88° 

Ethyl           "     
w-Propjl      "      

129  2-129  6 

ISO 
l6o  &.—  I7O  A. 

I  I28O 
10736 
I  O?82 

—  1055 
—  II  60 

—  10  72 

]y[ethyl  acetyltn  slate  •  

l  11  8   fit 

T  1082 

22  86 

Ethyl              "           
w-Propyl         "           
w-Butyl            "           

141  2-141  4 

158  6-159  2 
TT7  A  —  fyft  1 

j.  1903 
I  1169 
1.0729 

—  22  60 
—  22.68 

Ay.yj 

Pttrdie  and  Williamson2  have  obtained  nearly  the  same  re- 
sults for  some  of  these  esters 

Frankland  and  Wharton"  have  made  the  following  determi- 
nations : 


Bp 

mm 

*'< 

/ 

Mi- 

210-223° 

12 

I  2121 

21° 

-5620 

210-220 

12 

i  rs6i 

21 

-387 

214-225 

12 

i  1909 

23 

-894 

215-225 

12 

i  1391 

21 

-625 

215-225 

12 

i  1925 

20 

—  634 

2  1  2-220 

*3 

I.I37I 

21 

—  467 

2OO-225 

*3 

i  1957 

I85 

—  3  14 

. 

i  1382 

20 

—  O  22 

Methyl  ben?oyl  malate... 
Ethyl        "  "     .. 

Methyl  orthotoluyl  malate 
Ethyl 

Methyl  metatoluyl   malate 
Ethyl  "  " 

Methyl  paratoluyl  malate 
Ethyl 

The  densities  and  rotations  were  determined  for  a  wide 
range  of  temperatures  and  the  latter  were  found  to  vary  greatly 
with  the  temperature 

rf-MAUC  ACID      Antnualic  acid 

By  reduction  of  rf-tartanc  acid  or  by  resolution  of  the  r-mahc 
acid  from  racemic  acid  by  aid  of  cinchonine 4  Also  from 
d?-asparagm  by  action  of  nitrous  acid. ' 

d- Ammonium  Hydromalate. 

Water p  =  8,     [or],,  --  +  6  3  (/-salt  [a]/)^  —  6  2)" 

phys  Chem  ,  16,  493 


'•!  J  Cheni  Soc  ,  69, 

'  Ibid  ,  75,  337 

^  Bremer    Ber  cl  chem  Ges  ,  8,  i<;94  , 13, 

r-  Pintti    Ibid ,  19,  1693 

8  Bremer    Loi   cit 


-^W^^N-IO  UJ?  MUTATION  OP  ACTIVE  BODIES 

of-MaKc  acid,  from  af-clilorsuccmic  acid,  shows  according  1 
Walden  .' 

Acetone    £— 16,     [or]/;--  -|-  5  2° 

Methyl  alcohol £  =  30,         "  —  +  2.92 


ACID,  CCga.CHCO.CHO.CH,  COaH 

Crystals,   melting-point  88°  to  90°.  By  cmchouine  reso 

lution  of  the  ^-acid  obtained  by  addition  of  methyl  alcohol  t< 
fumaric  acid,2  or  by  strychnine  resolution.'* 

Water c=- 11208,    t  =  18°,  [«]/)=-)   33.30°    ' 

"    f=  5586,    /=i88,  "-  +  33-04 

"     £=--2465,      *=I5°,  "—  +  3259  1s 

"     £=16.08,      *=X4°,  "    --  +  32.79 

"     f—    876,      /  =  r5°,  "    -  +  32.70 

Acetone  c~  24.96,      t  =  n°,  "   =-(-5710 

"      £=1877,      /  =  n°,  "    -=  +  5829 

"       £-=10.30,      <  =  J4°,  "-=  +  5803 

"      c~   4-12,      *  =  i4°,  "  =-  +  59.49 

c  —    1.65,      t  =  14°,  "   =  +  6009 

Ethyl  acetate  —  £  —  20.54,      t~n°}  "  =  +  6348 

"       ....£  =  1587,      ^-=zi2°,  "=-1-6445 

11          -      -    ff=    892,        /  =  I2°,  "^  +  64.64. 

Salts  —In  the  following  data  by  Purdie  and  Marshall,  the 
concentrations  refer  to  the  anhydrous  salts  : 
Acid  Potassium  Salt,  arystalline.fl 

Water c—   4.010,    *  ~  18  5°,  [o-]/)~  f  23  46° 

c—    8  150,    t  —  18°,  "    r-  -f.  23  26 

Normal  Potassium  Salt,  crystalline.8 

Water c  =   5.019,     ^  =  145°,  [a]z,=  -|-    936° 

£=12162,    /=i5.5°,  "    -+954 

Acid  Ammonium  Salt,  crystalline." 

Water c~    6064,     t—  14°,  [nr]/,  =  -f  25  86° 

Normal  Ammonium  Salt,  crystalline.15 

Water c  —    2  823,    /  =  14°,  [a]/(  ^-  _j.  12.22° 

"       c—    5762,     /=I4°,  "   =  +  1232 

1  Ber  d  chem  Ges  ,  39, 137 

-  Purdie  and  Marshall    J  Cheui   Soc  ,  63,  217 
3  Purdie  and  Bolam    Ibid ,  67,  946 

*  Purdie  and  Marshall 

5  Purdie  and  Bolam 

6  Purdie  and  Marshall 
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Calcium  Salt,  crystalline.1 

Water  ..........  c—    5308,    t  -=  18°,         [«]/>  =  = 

Barium  Salt,  Cr,H0Ofi.Ba  -f  £H2O,  crystalline  ' 

Water,  c  --  26.  1  25  (anhydrous),    t  —  18°,   [«]/»— 
*=  12.416  "  *=i8°,       "»= 

f--     5.746  "  /=  18°,          "    = 
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TO  ro° 


14.27° 
736 

221 


*  —    1.149  "  /—  18°,        "   =+    316 

Cinchomne  Salt,  CfiHHOfl.ClnH2,jN2O      Crystals,  melting-point 
171°  to  173°.  ' 

Water     ............  c  -  4,    ^17°,     [«]/>=  +  154-89° 


Methyl  Ester,  d?  —  i  1498, 


52.51. 


/-METHOXYSUCCINIC  ACID 
Water 


Acetone 


c=  10.806, 
^  =  22.035, 

t=   7927, 

^  =  25588, 

c~  15614,    t  —  13 

c~  25511,    /--ii 

^=19077,    ^=13 


^-=11 


Crystals,  melting-point  89°. 

i  —  18°,     [a]/j  —  —  32  94°  ' 
^-=15°,        "  =-3270 
^  =  15°,        "=  —  3242 
"   —  —  56  25 
"  —  —  58.18 

acetate.  •  •  c~  2511,    /--ii°,         "   ~  —  6190 

"=--  —  6293 

Salts,1 

Add  Potassium  Salt,  crystalline. 

Water.   .       .     .   c  ~  4  046,    /  =  18°,          [«]/>-—  —  23  59° 
"      .......   t  -  4-083,    t  —  17  5,  "-=  —  23.49 

Acid  Ammonium  Salt,  crystalline 

Water  ..........   c  —  8  774,    t  —  18°,          |»-^  -  25  85° 

Calcium  Salt,  crystalline. 

Water      .  .          c  —  5  482,    /  -    13°,          [«]^j—  -f-  10  03° 
"         ...         .   <r  —  2210,    t  =14  5,  "  =  -{-    4-30 

Some  esters  have  been  investigated  by  Purdie  and  William- 
son/ 

Ethyl  ester  ............  rff  =-  i  0705,     [a]/;——  5011° 

Propyl  ester  ..............  df  —  i  °4i9>         "  =  —  45.21 

.W-Butyl  ester    .......  ^—10419,         "   =-  —  41.63 

1  Purdie  and  Marshall. 

a  Purdie  and  Williamson  .  J,  Chein.  Soc.,  67,  971 

•*  Purdie  and  Bolain 

*  J  Chem.  Soc,,  67,  971 
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ACID,   CO2H.CH(O.C,Hf,).CHa.CC 
By  resolution  of  the  r-acid  by  PenicUlium  glaucum,1  or  \ 
strychnine  *    Crystals,  melting-point  76°  to  80°. 

Water    .....  c—  11.17,         if  =17°,  [X^-l  33-02° 

"      .......  £=   5-56,         *  =  I9>  "  ---  +  32-54 

"      ......     c-    8-225,     t—  12-17,  "  —  +  34.4-34.7 

Chloroform  .  .  £  =  11  61,        *  =  12,  "  —  +  47-75 

"         ..  c—   480,         *~I2,  "=  +  4555 

"         ..  c—   4-52,         *=•",  "  =--  I-  44-17 

l«         ..  <;  =    1.60,        /=ii,  "^-  +  39-40 

Ethyl  alcohol  c  =  ir.Sr,         /  ~  n,  "  —  +  60.57 

Ethyl  acetate  c  =  5-20,         t  ~  18,  "  ~  -|-  69  9-70  5 

Acetone  .....  c—   9.57,         *=i4,  "=  —  63.39 

"       ....«=   3.83,         /  =  i4i  "=  —  6487 

"      .....  c=   1.53,         t—  14,  "  -  -6648 

Salts.'1 

Aad  Potassium  Salt,  KC8HnO8  +•  HaO  ,  crystalline.    Meltin 
point  1  60° 
Water    .......  c  —  3  93  (contains  water)  ,    ^---19°,     [a]/»=   (-26.4 

Acid  Ammonium  Salt,  NH^C^Oj  +  H2O,  crystalline.1 
Water  ......      c  =  8  13  (contains  water),    t  —  15°,     [<r]/j  ~   |-  28  6^ 

.....  £=459       "  "          t—i6,  "    --|-2goi 

"     .....     ^7=258        c<  "          ^  =  17,  "     -   1-2848 

Normal  Ammonium  Salt,  (NHt)2C6HKOB,  crystalline 
Water  .........  c  —  5  22  (anhydrous),     ^  -  14  5°,     O]^  ~  -|-  18  29 

.........  £=148  "  /=I2,  "    -+18.93 

Calcium  Salt,  CaC8H8O6,  crystalline. 

Water  ......  £-=304,    t  =  15°,     [«]/>-+    8.39° 

"     ...........     c=i79,     ^=IS,          "=  +  1144 

Barium  Salt,  BaC6H8O6  (at  160°),  cryjstalline 

Water  ...........  c  •=   4  56,    /  =  18°,     [«]/,=--  +  6  37° 

"     ..........  £  =  1077,    *  =  i8,          "    =  +  246 

11     ........     f=  25  08,    t  —  i<),          "   =  —  4-37 


Methyl  ester  .........   rfj»  =  1.1055,     [a]/,—  +  59.86° 

Bthyl  ester  .............     ^7  =  1.0418,         "  =  +  55.29 

1  Furdie  and  Walker   J  Chem  Soc  ,  63,  229 

3  Furdie  and  Williamson     Ibid  ,  67,  963 

•'  Purdie  aud  Walker    Lac.  ctt 

*  Purdie  and  Walker 

5  Purdie  and  Willianison    J  Chem  SQC  ,  67,  971 
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/-ETHOXYSUCCINIC  ACID     Solutions  in  water.1 

Acid  ammonium  salt. ...    ^=25  [dr].o  —  —  26.05° 2 

Methyl  ester a!^0  —  i  0996,       "    =-60.92 

Propyl  ester    d\    =10226,        "     =  —  5120 

A^Butyl  ester d\   —1.0045,        "    =  —  46  43 

Ethyl  ester d™  —  i  1045,        "    =  —    i  44  * 

Ethyl  Ethoxysucdnate.     See  Purdie  and  Pitkeathly.6 
PROPOXYSUCCINIC  ACIDS,  CO2H.CH(O  C8H7).CH2.CO2H.B 


rf-Acid,  potassium  salt.. 

c  — 

/ 
3. 

5°, 
8lS, 
66  •; 

t  — 
t  — 

12-, 

18, 
18 

L«jz>  — 
u  

u  

-1- 
,i 

17  26 

«      i< 

J 

877 

18 

u  

-I  • 

1869 

/-Acid     Water  

c  — 

»7 

»76o 

t  — 

12 

•  •  __ 

II                          1C 

/-  Acid.    Acetone 
/-Barium  salt      Water  •  • 

c  - 

c  =• 
c  ~  — 

3 
5- 

2 

3 
i 

688,' 
275, 
649» 
460, 

t  '= 

12, 

12, 
12, 

18, 
18, 

u  _ 
u  

— 

3624 
6329 
64.39 

IO  OO 

1045 

Propyl  Propoxysnctinate.     For  the  preparation  and  optical 
behavior  of  this  ester  see  Purdie  and  gander. T 

^-CHI.ORSUCCINIC  ACID,  CO2H  CHC1.CH,.CO,H 
From  ordinary  malic  acid  by  action  of  phosphorus  penta- 
chlonde      Melting-point  174° 

32 

21  3°" 


1. 

2. 

Water  . 
Water  

.    ...  r   -   666 
.     c  —  10 
e-=   6  66 

c 

(X\D 

1C 

u 

1C 

16 
=  4-  20  6 

4-  20  27' 
-=  +  52  70 

--    4-  M  8* 

6.4 
+  208 
<i 

Ethyl  acetate  - 
u         u 

Derivatives 

Anhydride,  CO  CHC1  CH,  CO.     Melting-point  80°. 

Ethyl  acetate c  —  10,     \_oi\n  =  +  30.85  j ' 

11          "         c==    5,          "   =  +  3360) 

1  Puidie  and  Walker  •  J  Chem  Soc  ,  63,  238 
a  Purdie  and  Walker, 

•i  Purdie  and  Williamson     J.  Chem  Soc.,  67,  972 
•*  Walden    Ztachr  phys.  Chem.,  17,  352 
B  J.  Chem  Soc ,  75,  15? 
0  Purdie  and  Bolam  ,  J  Chem  Soc  ,  67,  949 
•r  J.  Chem.  Soc.,  73,  288  (1898) 
^  Walden :  Ber.  d  chem  Gee,,  »6,  225. 
_  °  Walden .  Ztschr.  phys  Chem  ,  17,  253, 
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Chloride,  COC1.CHC1.CH2.COC1.   Boiling-point  91°  t 
(iimm.),  £f  =  1-5002,  |XU=  -f  29-53-1 

Dimethyl  ester.  .  B  p.  114-115  (17  mm  ),  rf-  =  1.2555,  [«]*=*  +  4 
Diethl  ester.  ..     "    130-131(2°    "  )>  "    =  1'1W,    "    =+2l 


Diethyl  ester. 

Dipropylester...  "  148     (20  "  ),  "  -10925,  "  -+«! 

Diisobutyl  ester-  "  162-164(17  "  ),  "  -  I-°524>  "  ==+21 

Diatnyl  ester....  "  190     (25  "  ),  "  -10319.  "  -  +  21 

/-CHLORSUCCINIC  ACID.    By  action  of  nitrosyl  chloridt 
/-asparagin      Melting-point  I74°.3 

Water  .........       £  =  9-3,    <  «=  19°.    [«]/>=—  i9-67°. 

^-BROMSUCCINIC  ACID,  C02H.CHBr.CH2.C02H. 

From  ordinary  malic  acid  and  phosphorus  pentabromicle 

Dimethyl  ester...  B.  p.  129  (23mm.),^=  ?  •[«]/»«+  5o-l 
Diethyl  ester  .  "  143  (29  "  ).  d==  ?  .  "  =  +  4oc 
Dipropyl  ester  ..  "  153-154  (i8mm.),  d—  i  3010,  "  =  ~|-  sS.c 

/-BROMSUCCINIC  ACID     By  action  of  nitrosyl  bromide 
/-asparagin      Melting-point  173°.  ' 

Ether  .........    £  =  533,  [^=-6792° 

Ethyl  acetate  .....  c  ==  6  66  to  5  33,  =  ~  72.7  to  72  6 

Monamuk,  CO,H.CHBr.CHJ.CONHll. 

Alcohol  .............  £  =  666,  [<*]/?=  —  6712° 

Ethylacetate  ..............  <r=666,  "  =  —  6757 

20  per  cent  aqueous  HjSO4.  •   •  c  =  3  oo,  "  =  —  44  3 

rf-AsPARTic  ACID,    C02H.CH2  CHNH2.C02H.      From 
asparagin.    In  hydrochloric  acid  solution,  left  rotating. 

/-AspARTic  ACID.    Ordinary  acid.     From  /-asparagiu 
i.  Solutions  m  water  are  right  rotating  at  the  ordinary  ten 
perature,  at  75°  inactive,  and  above  that,  increasingly  le 
rotating.8    See  §60      For  /?=  20°  and  c  =  0.5  °,  [«]/>  =  - 
4.36°.    Stated  earlier  by  Becker9  to  be  left  rotating. 

i  Walden    Loc  at 

%  Walden    Loc  cti  ,  and  Ber  d  cbem  Ges  ,  a8,  1289 

•*  Tilden  and  Marshall  .  J  Cbem  Soc.,  67,  494 

*  Walden    Ber  d  chem  Ges  ,  a8,  1290 
••  Walden  •  Loc.  at 

*  Walden  *  Ztschr.  phys  Chem  ,  17,  354 

*  Walden  •  Ber  d.  diem  Ges  ,  a8,  3769 

*  Cook    Ibid  ,  30,  204 
9  Ibid  ,  14,  1035 
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2.  Solutions  in  aqueous  acids  exhibit  right  rotation.1  Becker* 
investigated  the  following  solutions  which  contained  • 

FOR  i  Moi,.  off  ASPARTIC  ACID. 


i      54  to  64  mol. 
water 
+  «  mol  HC1 

[«U 

2        303  mol 
water 
+  «  mol.  H2SO4. 

M* 

n  -=  i 

+  30.0° 

«  —  0.5 

+  21.8° 

1-5 

+  326 

06 

+  24.2  I 

2 

+  334 

075 

+  28.6 

3 

+  34-0 

I 

+  28.8 

5 

+  339 

3 

+  315 

6 

+  34-0 

5 

+  320 

.... 

10 

+  33.5 

3.  Solutions  in  aqueous  alkalies  are  left  rotating.'  Becker* 
found  for  solutions  which  for  one  molecule  of  aspartic  acid  con- 
tained . 

___.__„  ,    [«]S  =  - 

mol.  NH,     r« 


5?  =  -  9-2° 

--   9-4 


b    302  mol    water  +    i 
«      «<          ««    4-    3 

II  II  II  _|  C  "  "  ««  n     ty 

'    -f  15.1     "      "         "   —  —  II I 

"         "  "        (-202         "  "  "      =  —  I2.I 

rf-yS-AsPARAGiN,  CONH2  CH2.CHNH2  CO2H. 
For  formation  see  Bischoff  and  Walden  ' 

Water [«]/>  =  +  5  41  (/-Asparagiu  =  —  5.43)  6 

/-/8-AsPARAGiN      Ordinary  asparagin 

In  aqueous  and  alkaline  solutions,  left  rotating,  in  acid  solu- 
tions right  rotating.7 

The  following  determinations  were  all  made  by  Becker." 

a.  Solutions  m  water  • 

p  =  o.  705         d  f  =  i .0010        [a]  %  =  —  5  95 
1.049  1.0025  —  5-42 

1409  1.0043  —5.30 

i  Pasteur:  Ann  chim  phys  ,  [3],  31,  81 ,  34,  30. 
3  Ber.  d.  cheni.  Ges  ,  14,  1038. 
!>  Pasteur :  Loc.  ctt, 
i  Ber  d.  cheni.  Ges  ,  14,  1037 
*  "Handb.  d.  Stereochemie,"  1894,  p.  azo 
«  Piutti .  Ber.  d.  cheni  Ges  ,  10,  1693. 
i  Pasteur  •  Ann.  chim.  phys ,  [3],  31,  75. 
8  Ber.  d.  cheni.  Ges.,  14,  1030 


.  Solutions  in  dilute  acids  . 

To  i  Mor,  ASPARAGIN  +  300  Moi,. 


Mol  HC1 

MS- 

Mol  H»S04. 

Ms. 

Mol  CoH^Os 

W"- 

I 

+  264 

OS 

+  23  1 

I 

—  3-49 

15 

+  304 

075 

+  273 

2 

—  3.10 

2 

+  315 

I 

+  295 

5 

—  1-45 

3  , 

+  319 

3 

+  320 

7 

—  0.59 

5 

+  323 

5 

+  343 

10 

o.oo 

10 

+  333 

10 

+  35-5 

IS 

+  1.  II 

15 

+  337 

•  • 

.... 

20 

+  2.63 

20 

+  343 

• 

.  .. 

.... 

While  hydrochloric  and  sulphuric  acids  produce  strong 
right  rotation,  small  amounts  of  acetic  acid  produce"  left  rota- 
tion. This  last  decreases  with  added  acid  and  is  finally 
changed  to  right  rotation.  That  the  addition  of  acetic  acid 
under  certain  conditions  of  concentration  may  cause  the  rota- 
ting power  of  asparagin  to  disappear  was  noticed  by  Champion 
and  Pellet.1 

c.  Solutions  in  dilute  sodium  hydroxide. 


In  100  parts  of  solution 

Mol.  proportions 

Jaa 
«4 

Ws- 

1 
Asparagin    NaOH. 

H2O 

Asparagin 

NaOH 

HSO 

10              3 
10            6  1 
10       '91 

870 

839 
809 

I 
I 
I 

I 
2 

3 

63.8 
615 
593 

I  0584 
10915 
I.J232 

—  864 
—  669 
-635 

*GUJTAMINIC  ACID,  C^|>CH.CHI.CH1  COaH 
W*er  ........  c==2          '  " 


c==2> 
...........  '  =  4  (supersaturated),     t  —  23, 

Dil  mine  acid..-.  <r  =  4|  t  =  22> 

Calcium  Salt,  CaC6H7NO4      I,eft  rotating. 
Water  .............  *  =  503)     /  =  2o°,     [« 

Ifydrocklonde,  C5H9NO4.HC1. 

Water  ................  ^  =  4, 

1  Compt  rend  ,  8»,  819 

*  Scheibler    Ber  d.  chem,  Ges  ,  i-j,  1728 


"  —  +  Io.6 

„  ^  +  ^^ 


=  +  20.4° 
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/-Gr,UTAMiNic  ACID.  From  the  racemic  acid  by  means  of 
Penidllium  glaucum  In  100  cc.  9  grams.  HC1  -j-  5  grams 
glutamimc  acid,  \<x\D  =  —  3i.i.1 

.  CH2.  CH2.  CO.  NHZ. 

In  100  cc.  0.45  grams  H2SO4  +  5    grams  glutamme,  [or]./  =  +  30  o  2 
"100  "03        "     HaCA  +  27      "  "  "=  +  18.3 


tO"fT  -       -  1 

^-PYROGIvUTAMINIC  ACID,  £Q  jj>CH  CH2.CH2  CO. 

Water  ...............  £  =  2665,    £  =  25°,     [ar]/,=  +  708 

l-Acid  .................   [a]/?  =  —  6.1  * 

SHIKIMIC  ACID,  C7HJOOfi.  Cyclic.  Needles.  Melting- 
point  184°.  The  following  observations  were  made  by  Eyk- 
man.'1 

Water.  .  .     .  c  -----  36  26,    [«]«  -—  —  204  4°,  c  =  11.19,  [<*]  £  =  —  187.9° 
30.73,  —2015,  7.53  —1867 

21.71,  —  195  5,  5  93  —  184  7 

13.12,  —190.0,  403  —1838 

From  which  is  calculated    [a]#  —  —  183  3  —  o  65  c 

Solutions  in  acetic  acid,  and  especially  in  50  per  cent,  sul- 
phuric acid,  exhibit  increasing  rotation  ;  but  tellurous  acid  de- 
:reases  the  rotation  in  marked  degree,  while  selenous  acid 
leaves  it  unchanged. 

Ammonium  Salt  i  (NHt)CTH906.     Rhombic  prisms 
Water  .....................  c  —  32  oo,     [a]/>=  —  1897° 

5  23,  —  172  i 

Triacetylshikimic  Acid,  C7H706(C8H8O)g.     Amorphous. 

Absolute  alcohol  ...........    c  =  5.496,     [«]zj  ==  —  170  o° 

"               "    ............  3.482,  —1696 

"               "    ...........  1.451,  —1702 

Ben/ene  .................  7.2561  —1911 

"      ....................  4-230,  —1917 

"      ...................  2.392,  —  1921 

Chloroform  .................  3482,  —1897 

"            .................  4222,  —  189.2 

i  Schulze  and  Bosshard    Ztschr  physiol.  Chem.,  10,  143 
s  Schulze  and  Bosshard  *  Ber  d  chem  Ges,,  18,  390 
3  Menozzi,  Appiani    Rend  Ace  I/iiic.,  1893,  II,  421 
•<  Menozzi,  Appiani  .  Gaz  chltn  ital,,  33,  II,  105 
fi  Ber  d.  chem  Ges.,  34,  1378 


Tripropionylskikimic  Acid,  C7H7O6(C3H6O)S.      Amorj 
Absolute  alcohol  ............  £=7361,     [a]yj=  _  159.1* 

"     ............         3680,      •  ~r59.o 

Benzene  ...................         7.125,  —  172.8 

11     .................         536o,  -173-3 

Tnisobutyrylshikimic  Add,  CTH7O6(C.tH7O)s.     Amorp 
Absolute  alcohol  ............  c  =  9.314,     [«]/?  =  —  146.  i° 

Benzene  ..................         7  247,  —  157  9 

Shikimw  Acid  Bromide,  CTH9BrO6.     Hemimorphous, 
agonal  needles     Melting-point  235°  (uncorr.). 

Water  ...............  c  —  8,     [or]/,  =  -f-  22° 

Hydroshikimic    Acid,     C7H1205,        Monosymmetric  pr 
Melting-point  175°  (uncorr.). 

Water  .    p  =  16.515,  d**  —  1.054,  t  =  23°,  [«]0  —  —  35  8° 

After  dilution   with  an  equal  volume  of  water,    [a 
—  18  2° 


Hydroshikimic    Acid    Dibromide,    '(^H^Br.^.       Rho 
sphenoids. 

Water  .........    £=14263,    t  =  16°,     [«]/,---=  —  58°  » 

a-ISOTRIOXYSTBARIC  ACID,  C17HS2(OH)8COOH. 

Glacial  acetic  acid  .     .  c  =  10  to  15,     [or]^  —  —  6  25  to  6.0  2 

ii.  Acids  with  Six  Atoms  of  Oxygen 
For  the  aldehydes,  see  group  16  (oxyaldehydes,  sugars 
ARABONIC  ACID,  C5H10Ob     Left  rotating. 

In  solution  passes  gradually  into  the  lactone.     On  the  cfo 
in  rotation,  see  §75 

Strontium  Salt,  Sr(C5H906)a  +  5H2O.     Crystals. 

Water    .    ^  =  4  353  (at  100°),    t  =  2O°,     [«]*=:  +  1.96"  » 

Anhydride,  C6H805.     Crystals.     Melting-point  89° 

Water...  [«]/,=  —  6337* 

Water  .         p  -=  9  4S,  d  =o  =  IiO3l6)  f  =  2QO)  ^n    ^  __  , 

1  Bykman 

8  Walden    Her  d  chem  Ges  ,  37,  3471. 
'Alien  and  Tollens   Ann  Chem  (Ivietng),  ado,  313 
*  Bauer  .  J.  prakt  Chem  ,  [2],  34,  47 
-'  Fischer,  Prioty    Her  d  chem  Ges  ,  a4,  4215 
«  Fischer  and  Piloty 
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RIBONIC  ACID,  C6H10O0. 

Cadmium  Salt,  Cd(C5H8O6)2  (at  100°).     Fine  needles 
Water *-=2o°,     [«]/,=  +  0.6°  * 

Anhydride,  CSH8O8.     Crystals.     Melting-point  72°  to  76°. 

Water c  —  9.340,    t  —  scP,     [a]y>=  —  i8.o02 

The  rotation  remained  twelve  hours  unchanged. 

XYI,ONIC  ACID,  C6H10OB.    See  §75. 

Strontium  Salt,  Sr(Q,H,OJ,  +  6H2O.     Crystals 

Water c  —  4.305,  (at  100°),  t  -=  20°,  [a]/?  =  -f  12  14° s 

The  rotation  remained  constant. 

LYXONIC  ACID  I/ACTONB,  CBH8O6 

Water    .  p  =  9,783,  rf  =  r  035,  t  —  20° ,     [«]/>  =  -f  82  4°  * 
GUJCOSACCIIARINIC  ACID  ANHYDRIDE),  SACCHARIN,  C6H10O5. 

Made  from  dextrose  by  heating  with  lime.'"'    Rhombic  prisms. 

Melting-point  160°  to  161°. 

Water  ....  [«]/>  =  =  -|-  93  1° « 

Water..  .  p  —  12  077,  rf'fs  —  i  0365,  j?  =  17  5°,  [a]/>_-  93  807 
Water   . .     c  ~  4  257  (100°),     t  =  20° ,     [or]/,  -f  93  05°  )8 
3688      "      ,          "       ,  -1-9312    j 

On  standing,  the  rotation  is  decreased  because  of  change  into 
the  acid.  See  §75  The  rotation  diminishes  also  on  elevation 
of  temperature." 

The  salts  rotate  to  the  left.  Scheibler  gives  for  the  sodium 
salt  [af"]j,  =--  -  17  2°,  and  for  the  calcium  salt  [«]/j  —  —  57°. 

MAI/TOSACCHARINIC    ACID    ANHYDRIDE,    ISOSACCHARIN, 
CbH10OB      Monoclmic  crystals.     Melting-point  95°. 
Water     />     -  9  471  (an  dry),   ^-u  -10302,  ^—20°,    [«]/,-   l-6i88010 
Water      <       TO  (an  dry),     t    -  10°,     [»    -  -|    62  97° u 

Shows  no  multirotation 

1  Fischer  and  Piloty 

•  Fischer  and  Piloty    lot   at 
•*  Allen  and  Tollens    Loc  nt 

*  Fischer,  Broinberg    Ber  d  chciu  fies  ,  39,  583 
''  Kihaiii    Ibid  ,  15,  2954 

o  Pehgot    Compt  rend  ,  90,  1141 

t  Scheibler    Ber  d  chem  Ges  ,  13,  3216 

"  Herrmann,  Tollens    Ibid ,  18,  1333 

«  Schnelle  and  Tollens  ,  Ann,  Chem  (lyiebig),  271,  66 
w  Wehmer,  Tollens    Ibid ,  343,  323 
11  Schnelle  and  Tollens 

35 


OF  ACTIVE  BODIES 

METASACCHARINIC   ACID  ANHYDRIDE,  METASACCHARI 
C6H10O3.     Rhombic  crystals.     Melting-point  141  to  142°. 

Water. . . .  p  =  7.846,  d  —  1.026,  t  =  14°,  [«.']/>  •=•  -  -  48  4° ' 

"     ....          7.0,        "       '  —  4696°" 

Shows  no  multirotation. 

The  parasaccharinic  acid  of  Kiliani*  is  left  rotating. 

RHAMNONIC  ACID  (Isodulci tonic  acid),  C6HMOb     See  §7, 

ISORHAMNONIC  ACID  I/ACTONE,    C6Hi0Os.      Melting-poir 
150°  to  152° 

Water p  =  8.903,    d  —  1.032,     [«]*;  -    -  62  02°  * 

After  twenty-four  hours  by  change  into  the  acid,  [a]  = 

—  5.21 

DXGI?AIX>NIC  ACID,  C17HU06.     From  the  mixture  of  sugars 
which  result  from  the  resolution  of  pure  digitalm. 

Anhydride,  rhombic  crystals      Melting-point  i38p  to  139°. 
Water p  =  3-3327,  d  -=  1.0084,  /  ~  28°,  |»  --  —  79  4°  r> 

Tartaric  Adds,  CO.jH.CHOH.CHOH  COaH. 

rf-TARTARic  ACID. — The  following  formulas  have  been  given 
to  show  the  relation  of  the  specific  rotation  in  aqueous  solution 
to  the  concentration  c  or  to  the  percentage  strength  p  of  acid, 
or  finally  to  the  percentage  amount  of  water  q  in  the  solutions 
i  Arndtseu."  Determined  by  the  Broch  method  for  dif- 
ferent Fraunhofer  lines. 

[«]c=  +  2.748  +  0.09446  q 
[«]fl=  +  1.950  +  o  13030  q 


[«]*  =  + 0153 +  0.1 7514  q 
\a\t  -~  —  o  832  +  0.19147  q 


for  ^=50  to  95, 
and  t  =  24°. 


,  [a]r  —  —  3  598  +  0.23977  q 

f  [a],  ~  —  9  657  +  0.31437  q 

1  The  f onnula  for  [a]  D  according  to  Sonnenthal7  obtains  even 

for  a  0.2  per  cent,  solution. 

i  i  Kilmni  •  Ber  d  cheni  Ges ,  16,  2627 

-  Schnelle  and  Tollens 

i  s  Ber  d  chem  Ges ,  26,  1649 

I  *  Fischer,  Herborn    Ibid  ,  ap,  1964 

!  *  Klliam    Ibid ,  95,  2116 

8  Ann  chim  phys ,  [3],  g4>  4°3 !  fogg,  Ann  ,  105,  313 
i  r  Wiener  Akad ,  100,  Abth  II  b,  573 
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2.  Hesse.1 

[a]/j  —  14  90  —  0.14  c  holds  for  c  —  5  to  15,    t  =  15° 
15.11  —  014*    "        "          5  "  15,  20 

15.22  —  oi4c    "        "         5  "  15,  225, 

in  which  the  middle  formula  was  calculated  from  the  other  two. 


[«]/?  —  15  06  —  o  131  c,    c  —  0.5  to  15,    i  —  20° 

4    Pribram." 

[a]/)  —  14.770  —  0.1321^,   ^"itos,    t~zo 

5.  Th   Thomsen  ' 

[a]/,  —  -|   14.154  —  0.1644^ 

—  2.286  -\-  0.16445- 
-[    14.615  —0.1588  £ 

—  I  265  +  0.1588  g 

+  15.050  —  0.  1535  P 

—  0.300  -|-  o  1535  q 
+  15  429  —  0.1480  p 
-|     o  629  +  o  1480  q 
-f  15  784  —  0.1429  /> 

I      1494-1   014297 

From  these  constants  we  have  the  general  formula 
[«]')  '-  (X3  °96  ^   °  n39  '  —  °  00°81  ^2)  ~~  (0<I756  ~~  0.001135  rf)/> 

With  reference  to  the  concentration  c  we  have 

[a]/>  --  13  436  —or  187  c  ,  for  ^  —  22  to  63  and  j?  =  20° 

The  value  of  the  specific  rotation  of  tartaric  acid  at  a  number 
of  diffeient  temperatures  and  percentage  strengths  according 
to  the  Thomsen  formula,  is  shown  in  the  following  table. 


•jj  —  •  *.\J  bu  gw  I 

q  =s  50  to  80  J 

t=.  io' 

P  =-  20  to  SO  ) 

^  =  50  to  80  j 

/f  =  is( 

P  —  20  to  50  ) 

,_    , 

q  —  50  to  80  J 

p  —  20  to  50  ) 

/—-    • 

#  —  50  to  80  j 

—  25 

^  .=-  20  to  50") 

j  .  __( 

^   ^=5oto8oj 

*  —  3° 

t  ---- 


P 


5". 
40 

30 

20 


10° 

-1-5  93 
758 

9  22 

1087 


-|-6  69 

828 

986 

n.45 


20° 

+7.38 

8.91 

10.45 
11.98 


25° 

-|-8.o8 
9-55 

II  02 
12.49 


30° 
+8.64° 

10  07 

11  50 
12.93 


On  the  variation  of  the  specific  rotation  of  aqueous  solutions 
of  tartaric  acid  with  the  temperature,  see  §60. 


Ann  Chem  (lyiebig),  176,  120 

Ber  d  chem  Ges.,  6,  1073. 

Math  naturw  Abh.  d.  Berl.  Akad.,  1887,  p  348 

J  prakt  Chem.,  [2],  32,  213 
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Salts  of  Dextrotartanc  Add 

On  the  rotation  of  tartrates  in  dilute  solutions,  see  §6r 
Potassium  Add  Tartrate^  KC4H606. 

C  =  0.615,        t  =  20°,       {>]/>  =  22  6l°  l 

In  the  following  observations  by  Sonnenthal,2  T  is  the 
between  the  preparation  of  the  solution  and  the  observatic 


p 

df. 

T. 

MS. 

04116 

1.0044 

At  once  and  after  48  hours 

22  119° 

03001 

i  0041 

At  once 

20  192 

02407 

I.OOII 

At  once 

22  241 

(C 

u 

48  hours 

22.379 

It 

11 

80  hours 

23025 

II 

K 

120  hours 

23.025 

Sodium  Acid  Tartrate,  NaC4H6O,.  -f  H2O 

i.  According  to  Thomsen1*  the  specific  rotation  decreas 
with  decreasing  concentration ,  but  increases  slightly  with  tl 
temperature. 


Hydrate 

wr 

c^jp0' 

P 

c 

12.70 

1350 

.... 

.  . 

10.  16 

1065 

... 

.... 

889 

9  26 

— 

21.84 

762 

7.89 

21.85 

21.88 

6.35 

654 

2156 

21  84 

M3T 

oir. 

2247° 

22.12 
21.85 

22  19 
22  O? 

22  IO 

21.77 

22  29 
21.88 

2.  £  =  4.409,   [or]2,?  —  23.95°  anhydrous  (21  67  hydrate)/ 
Lithium  Add  Tartrate,  I4C4H5Ofl  -f  H2O. 

Anhydrous    c  =  7  998,     [nr]=°  ==  27.43+ 

Ammonium  Aad  Tartrate,  KJ^QHgO,, 

Anhydrous c  —  1.712,     [ff]5?  =-  25.65°  * 

i  x^andolt 

a  Wien  Akad  ,  too,  II,  510 

8  Thomsen    J  piakt  Chem  ,  [a],  34,  85 

*  Laudolt 
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Thallium  Add  Tartrate,  T1HC<H406 

tf  =  i,    [a]»  5=  12.02° * 
Potassium  Tartrate,  K2C,H4O6  +  £  H,O. 

1.  Krecke4  found  for  the  hydrated  salt,  c  =  20  and  /  =  25° 
for  different  rays  • 

JXU  =  22.04,  [«]*  =  26.84,    [a]*^  32.95,  [a],  =34.96,  Lalr=3992° 
The  influence  of  temperature  is  slight 

2.  Anhydrous£=n.597,    [ar]°°=  28.48°  (hydrated 27.39).' 

3.  Experiments  by  Schiitt*  gave  : 


Hydrated  salt 

Anhydrous  salt 

£  =  40 

Ms- 

28.46° 

c  =  38  47 

[a]£  =  29  59° 

30 

2808 

28.85 

29  20 

22 

2776 

21  l6 

2887 

2O 

2751 

19.23 

2861 

10 

2694 

9  62 

2801 

This  formula  follows  for  the  anhydrous  salt . 
[ai\  %  =  27  14  +  o  0992  c  —  o  000938  c  '* 

On  the  effect  of  addition  of  KC1  and  NaCl  on  the  rotation  of 
potassium  tartrate,  §70,  p.  245. 

4.  Th  Thomsen8  found  these  values  referred  to  the  anhy- 
drous salt 


p 

c. 

M3. 

MS 

Ms- 

54.54 

7924 

30.70° 

30.67° 

30.57° 

36.39 

4655 

30.07 

3006 

3001 

18.09 

20.38 

29.02 

29.19 

29  26 

9.07 

9.62 

28.34 

2849 

2865 

From  these  observations  we  have  the  following  interpolation 

formulas : 

=  27.56  4-  0.0925  p  —  o  00065  ^ 
1  =  27.62  -f-  0.1064^  —  0.00108 p 

•  27  86  4-  o  0951  p  —  0.00099 /* 

1-  Long  •  Am.  J  Sci ,  [3],  38,  267 

•  Arch.  Ne'er!.,  VII,  1872 

>>  I,andolt. 

-*  Ber  d.  chem.  Ges  ,  ai,  2586. 

5  J.  prakt.  Chem,,  [2],  34,  89. 
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Sodium  lartrate,  Na,C4H40(  +  2H8O. 
i.  Hydrated  *  ==  5  to  15,  t=  22.5°,  \a]D 


27.85 


2.  Hydratedt  —  20,  #=25°.  20.82  25  79  31.67  32.70 

3.  Anhydrous  f=  9.946,  [a]^°  =  3O.85  (hydrated=2 

4.  Th.  Thomsen*  investigated  the  following  solutions 

HYDRATED  SAI/T. 


p 

c 

M* 

Ms- 

Ms. 

Ms. 

36-77 

45.51 

24.25 

24.28 

2438 

.... 

32.25 

38.90 

— 

24.66 

.... 

.... 

22.69 

2587 

.. 

2534 

..  . 

.... 

1840 

20.46 

25.54 

25.63 

25.76 

2590 

13.60 

14.69 

.... 

25.82 

.... 

.... 

9.20 

969 

26.01 

2606 

26.28 

26  22 

307 

-3-11 

26  19 

26.35 

26.31 

... 

From  this  we  have  for  Na,C4HjOB  +  2H2O  the  interpol, 
formulas 

g  =  26  41  —  0.03615  p  —  o  00061 7  /* 
??  ~  26-3°  —  0.02020  p  —  o  000963  /* 
g  =  26  65  —  0.03686  p  —  0.000693  f 

Potassium  Sodium  Tartrate,  KNaC4H4O0  +  4H2O  (Rod: 
salt). 

i.  Th.  Thomsen5  has  experimented  with  solutions  made 
saturating  sodium  acid  tartrate  with  i  mol.  KOH  and  addii 
of  VIOO  mol.  NaOH  : 


KNaC 

:*Ht06 

Cn,~\aa 

C_»"la<: 

«M. 

a\D 

«]g. 

P 

c 

33-68 

4235 

2931 

2933 

2941 

2527 

2999 

29.46 

29.51 

=955 

1684 

1886 

29.59 

29.77 

29.80 

8.41 

889 

2947 

29.52 

29.46 

1  Hesse.  Ann  Chem  (I,iebig),  176,  isa 
s  Krecfce:  Arch  Nfierl ,  VII,  1872 
3  I*ndolt. 
*  J  prakt  Chem ,  [a]  34, 79 
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From  this,  calculated  by  Schutt,    (V]/?  =  29.73  — -  0.0078  c 
for  c  =  8  to  43. 

2.  J   H.  Long.1 

£=  5  15  25  35          45 

hydrated 2214      22.16      22.12      22.13     22.06 

anhydrous  ....  29.73      29  76      29  70      29.72     29  62 

From  this,  calculated  by  Schutt,  [a]a^  =  29  77  —  0.0026  c 
(anhydrous)  f or  c  =  5  to  45. 

3.  Krecke2  determined  the  specific  rotation  of  a  solution 
with  c  =  20  for  different  rays  ;  t  =  25°. 

Hydrated       c  —  20      18  52      22  42      26  49      27  67      32  08 

4.  Anhydrous  c  =  10.77,  \.a"\°o  =  29.67°." 
Lithium  Tartrate^  Iyi2CjH4O6. 
Anhydrous  c  —  8  305,  [a]<$  =  35  84°.s 
Ammonium  Tartrate ',  (NHt)2C4HtOfl 

i.  ^=9433,  M"  =  3426.8 

2    Krecke1  found  for  different  rays 

Anhydrous [.a~]rs      [/*]$     Call?     Calls      [<x~\^ 

c  —  20 31  08       37.09      43  05      45  27       53  76 

Potassium  Ammonium  Tartrate \  KNHtCjH^O,,. 

c  —  io  515,     [a]  »  =  +  31  ii11 

Addition  of  NH4C1  and  of  NaCl  decreases  the  rotation,  while 
that  of  KC1  increases  it,  but  apparently  irregularly  and  notjin 
proportion  to  the  amount  of  salt  added.8 
f  =  ao,     [ar]  5=30  85° 


In  100  cc  along  with  20 
grams  of  tartrate 

C«]5 

A 

5  grams  NH4C1        
io      "             "      

30  66 

—  o  19 

5  grams  KC1  
io      "          "   

3089 

IT  At 

o  25 

+  004 

c  onranis  NsCl  •  •  •  

0  57 
.  ,  n  Rn 

io      "          "     

2g  90 
oS   CT 

•*  34 

l  Am  J  Sci ,  36,  333 

a  Arch.  N6erl ,  VII 

»  I^andolt 

*  Arch  N6erl.,  VII. 

6  I«ong :  Am  J.  Sci ,  [3],  40,  28.2. 


.0,  JDU-LUjfcCS 


Sodium  Ammonium    Tartrate,  NaNH^QtH.jO,,  +  4H8O, 
Rhombic  columns. 

£  =  9690  (anhydrous),     [flfj'g  =  32.65°  : 

Magnesium  Tartrate,  MgC4H4O6 

c  —  8.818,     [«]»  =  35  86°  * 

Borohydrotartrate,      Boryltartrate,        Borotartaric       Add, 
BO.H.C.H.Oe    See  §70 

Potassium  JBorotartratet  KBOCiH^Og. 

Obtained  in  aqueous  solution  by  addition  of  i  mol.  of  boric 
acid  to  i  uiol.  of  potassium  acid  tartrate 


i.  e  ==2.744,     [<*]£  =  51.  48)' 
c  ~  5.488,      [or]E  =  58.35  ) 


2.  c—    5  (dried  at  100°)          t  =  20°,      [a]/,  =  58.10° 
c=  20  (     "      "      "  )  "  "    =  68  29 

c==  ro  (dried  over  H8SO4)          "  "    =59.06 

From  the  observations  of  Long  there  follows  according  to 
Schiitt : 

[a]z>  =  50  67  -f  i  688  £  —  0.04036  c*,  for  <?  =  5  to  20 

Addition  of  alkali  salts   (especially  potassium  acetate)  in- 
creases the  specific  rotation.8 

Sodium  Borotartrate,  NaBOC4H4O6 

From  equal  molecules  of  H8BOS  and  NaHC4H4Ofl  in  aqueous 

solution : 

*=  2538,  [a]  y  =  55  02°  I1 
e—  5075,  "  =63.48  I 
^  =  10151,  "  =7147  J 

Arsenyl  Tartaric  Acid,  AsOC4HB06. 

Made  in  solution  by  heating  two  molecules  of  tartaric  acid 
with  one  molecule  of  arsenous  oxide. 

c  —  12.304,    [«] |°  =  16  91° ' 

i  l,andolt 

8 1«ong    Am  J.  Scu,  38,  264 

»I,ong.  Ibid,  [3],  38,271 
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Potassium  Arsenyl  Tartrate, 
Made  by  heating  two  molecules  of  cream  of  tartar  with  one 
molecule  of  arsenous  oxide  to  complete  solution. 

C  —  0.563,       [«]«  =  21  I3°  1 

Sodium  Arsenyl  Tarhate>  NaAsOC4H406. 
Made  in  solution  from  As,O,  and  NaHC4H400. 
^  =  3358,    [>]«  =  20.64°' 

Potassium  Antimonyl  Tartrate,  Tartar  Emetic,  a(KSbO 
C,HA)  +  H20. 

1.  *=5»*=25°   O]t       [«]z,       f«]i         !>]*          O!U 
Hydrated  salt        111.82     13866     180.39     l87  39    218.  74°.  2 

2.  Anhydrous  c  =  5,  /  —  20°,  [a]/,  =  -f-  141.  27°.  " 

3.  Anhydrous  c  =  7.982,     [a-]/,0  =  142.76°,  from  which 
Hydrated  [or]S  =  isS.Sg.1 

On  the  effect  of  addition  of  alkali  salts  on  the  rotation  of  tar- 
tar emetic,  see  experiments  by  lyong.4 

Thallium   Tartrate,  2TlaC+H,O6  +  HaO. 
c  —  5     '  •  Ca]J?    =  4>582°'     Wn  =  4  7580,     [arl£<  =  5  7o4° 

The  specific  rotation  increases  with  rising  temperature  and 
also  by  addition  of  potassium  and  sodium  salts,  especially  by 
potassium  carbonate.6 

Thallium  Potassium  Tartrate,  T1KC4H4O0 

C     -     5  ^20°  \U\D~  10057° 

C=  10  /  --  20  "      --     8840 

C=  20  t—20  "    =-     8  173 

ff  r=  10  /  =  30  "     —  10.092  7 

Potassium  and  sodium  salts  increase,  but  thallium  salts 
diminish,  the  rotation. 

i  I^andolt. 

a  Krecke  •  Arch  Nfierl  ,  VII 
a  I,ong  :  Sill.  Am  J  Sci  ,  [3],  38,  264. 
«  /»&.,  [3],  38,  264  ;  40,  275     See  §70,  p.  245 
*  I<ong  :  Am  J.  of  Sci  ,  [3]  38,  266. 

o  From  this  according  to  Schutt  .  [a]  JJ  =  11  672  —  0.3788  c  -  o  01025  &,  c  —  5  to  20 
.  Z.0c  c;/. 


Thallium  Sodium  Tartrate,  TlNaC+H4O«  +  4HaO. 
c=   5  (hydrated)     /  =  2o    [«]#=•  9.07° 
£•  =  20         "  j?=2o         "=6.49 

c  =  10  (anhydrous)  t  =  ao         "  •=  8.60 

Sodium  sulphate  increases  and  thallium  sulphate  diminishes 
the  specific  rotation. 

Thallium  Ammonium  Tartrate,  TlNH4CjH+O,,. 

c=  5     [a]  £  =  10.03° 
£=20    [ar]£  =  7.561 

Increase  of  temperature  and  addition  of  potassium  salts  in- 
crease the  specific  rotation. 

Thallium  Lithium  Tartrate,  TlLiC^O,,  +  H20. 
c—   5  (hydrated)     [a] £  =  9.46° 

Lithium  salts  increase  and  thallium  sulphate  diminishes  the 
specific  rotation. 

Thallium  Antimonyl  Tartrate,  TlSbOC1H4O8  +  H.jO. 

c  =  2        t  =  20°       [tx]a  —  100.44° 
c  =  2         t  =  z8  "  ~   99.64 : 

Acetates  produce  a  decrease  in  the  specific  rotation. 

Ethylene  Diamine  Ditartrate,  C2HBN2.2C4H004, 

Water c  =  1.44     [#]  jj  =  170.03° 

Water £  =  0.36  "     •=.  170.  S38 

On  the  rotation  of  certain  tartrates  in  glycerol  solution,  see 
experiments  by  Long.8 

rf-Tartaric  Acid  Esters 

Monomethyl  Tartrate  {Methyl  Tartaric  Add} ,  HCH,C4HA- 
Sirup. 

Water c~  2.073     [«]/»•=  x8.ip 

Alcohol ff=  1.037        "   •=    3.22 

The  salts  of  methyl  tartaric  acid  are  crystalline 

1  I,onff .  Loc  at 

3  Colsou    Compt  rend  ,  113,  729 

8  J  Am  Chen?  Soc ,  93,  813 
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c 

Anhy- 
drous 

[«]/> 

C 

/ 

a*.* 

jji  gait  

Water 

2  148 

26  5° 

rt  TA° 

•NTT,  "  

tt 

2  2QI 

oft  o 

l< 

J£         "    

it 

2  1H7 

O9  T 

(1 

OnrtfiR 

NTa     "  

« 

27ca 

(I 

Monoethyl  Tartrate  (Ethyl  Tartaric    Add},  HC2H8C,H4OS. 
Sirup. 

Water c  =  2.252    [a]/)  =  21  8° 

i  Alcohol c  —  i  126         '   =   7  10 

Ethyl  Tartaric  Add  Salts.     Crystalline  x 


c 
Anhy- 
drous 

[a]/) 

c 

/ 

CtD 

W  salt. 

XTa      "         

Water 

2  329 

257T 

288° 

IT  C 

Alcohol 

11 

0.7052 

6  dm 

087° 

K«i         

„ 

2  74O 

21  6 

(1 

na     "  

ii 

2  /LOO 

24.  ? 

Ba     "  

,, 

3IO7 

2O  7 

Dimethyl    Tartrate,     (CKj^U^.      Crystals       Meltmg- 
pomt  48°;  boiling-point  158.5°  (12  mm.),  280°  (760  mm.).8 


jf  =  i  83°  R 
=^2.i404 

^_  6  00 

liquid,  boiling-point 


Liquid, 


Diethyl    Tartrate, 
280°  (760  mm.). 


i  Fayollat  .  Couipt  rend  ,  117,  630. 

a  Anschutz  •  Ber  d  chem  ,  Ges.,  18,  1399 

1  AnschUtz,  Pictet    /bid  ,  13,  1117,  1538 

4  Pictet    Arch,  sc  phys  nat.  [3],  7,  82;  Jahresbencht,  i88a,  p.  856 

»  Auschiitz  Pictet  •  Ijoc  tut. 

«  Pictet  :  Jsb.  Chem.,  i88a,  p.  856. 


Di-n-propyl  Tartrate,    (C3H7)2C4H4O6.     Liquid,   boiling-point 
303°  (760  mm.). 

dv  —  1.1392    [_(x~[$  —  12  09°  : 

a?ao  =  1.1344    [ar]2,°  =  12  44 

dlo°  —  i  0590    [tf]*>0  =  17  ii  8 

Diisoptopyl  Tartrate,  (CH8.CHS  CH)aC4H+O6.     Liquid,  boil- 
ing-point 275°  (760  mm  ) 

rfa»  =  1  1300     [#]=°  —  14  89° 
rf*°°  =  i  0537       tfg°  =  18  82  2 


Diisobutyl  Tartrate,  [(CH^^H.CHJjC^Og.     Solid,  melt- 
ing-pomt  68°,  boiling-point  323°  to  325°  (760  mm.). 
or"*,  __  j  OI45    [ar]«>o  =  19  87°  a 

Potassium  Ethyl  Tartmte,  KC2H5C4HtO6 

Water..  .     ^r=  11.079     [«]$  =  29  91°  s 

Barium  Ethyl  Tartrate,  Ba(C2H6.CtH+O6)8. 
Water.   ..     c—  12.586     [a]^°  =  25.68°  a 

d-Diacetyl  Tartaric  Add  Compounds 

d-Diacetyl    Tartaric  Acid^ 

COOH.CH(OC2H80).CH(OC![H8O).COOH. 

(Also  with  3HaO.  )     Left  rotating  in  water,  methyl  alcohol  and 
ethyl  alcohol  (Pictet),  also  in  ether  and  benzene.* 

Water         c—     17.947     14.357    11.486      9189     7.351      4.705      3764 

"     [#]/>  —  ~~  23.o4  —  22.48  —22  16—21.50  —21  33  —20  07  —  19.32° 

Alcohol  ....................  c=        7.367  4911  3274 

11     ....................  O3S  =  —  2363       —23.14       —21.52° 

Methyl  alcohol  (d  =  o  824)  .  .  c  =  4.681     [«]g  =  —  23  74°  6 

The  sodium  and  barium  salts  are  also  left  rotating  ° 

d  Diacetyl  Tartaric  Acid  Anhydride,  (  C2HaO.  0)  CH.  CO)2O. 
Right  rotating.  Prismatic  crystals.  Melting-point  125°  to  129°. 

1  Anscliutz,  Pictet  ,  Loc,  ctt 
3  Pictet  .  Loc  ctt 
"  I^andolt 

*  Colson    Compt  rend  ,  1  14,  175 

*  Pictet    Jsb  Chem,  ,  1882,  p  856,  857. 

*  Auschutz,  Pictet    Ber  d  chem  Ges.,  13,  1178 


TARTARIC  ACID  ESTERS  557 

In  benzene  In  acetone 


c=       2091  1045  11656  4403 

[a]z?  =  +  58  69          4-63  05°  +  59  70          +  62  04°  » 

The  esters  of  diacetyl  tartanc  acid  may  be  distilled  at  the 
>rdinary  temperature  without  suffering  a  change  in  their  rota- 
ing  power  z 

Dimethyl  Ester,  (CH8)2(C2H80)AH2O6-  Rhomboidal  prisms, 
tfelting-point  103°.  According  to  Pictet8  left  rotating. 

Alcohol  (d  =  o  826) £  =  3566    [a]*8  =  — 14  23°  J 

£  =  3254    [a]g  =  -i429 

Diethyl  Ester ;  (C2H6)2(C8HaO)AH2O6.  Triclinic  pnsms. 
vlelting-point  66.5°,  boiling-point  291°  to  292°.  [a]a  for  the 
•uperfused  ester  =  -f  5  oV 

Alcohol  (d  =  o  826) c  =  23  644    [a"j g  =  -(-  i  02°  * 

On  the  rotation  in  chloroform  solution  see  §57. 

N-Dipropyl  Ester,  ( C3HT )  2(C2H8O)2.  C4H2O9  Crystals,  melt- 
ng-point  31  °,  boiling-point  313°. 

Alcohol  (d  =  o  826) c  =  7  855     \_a~\$  =  +  7  04°   x 

....  £  =  3253     [«]#  =  + 652 

According  to  Freundler,5  the  ester  is  liquid  at  the  ordinary 
emperature,  [#]/,  =  13.5°  Its  specific  rotation  changes 
jreatly  with  solution  in  different  liquids  See  §59. 

N-Dibutyl  Ester,  ( C4H8)2  ( C2H80)2C4H2OB  Liquid,  f  =  20° , 
>]/»=  +  17.8°.* 

Dii&obutyl  Ester,  (C4H9)2(C2HSO)2  C4H2O6    Liquid     Boiling- 
joint  322  to  326°      2?  =  about  20°,  \oi\D  =  +  11.3°   * 
Alcohol  (rf  =  o  826) ..      £=13559     [«]#  =  +'iosi01 

t=   7953     [a]3  =  +  I0  29 

Compounds  of  diacetyl  tartaric  and  with  ethylene  diamiue. 
Neutral  Salt,  C2H8Na  2C8H1008     Crystals. 

Water £=115    [a]/j=- —  12  74° 

1  Pictet 

3  Freundler.  Compt  rend  ,115,  509 

3  Loc  at 

*  Preundler 

6  Compt  rend  ,  117,  556 


Add  Salt,  C8H8N2.C8H10O8.     Crystals. 

Water  ..........  £—115    [a~]D—  ~-  17.05°  * 

Numerous  further  determinations  of  rotation  of  esten 
dipropionyl,  dibutyryl,  di-«-valeryl  and  di-«-caproyl  tart 
acid  have  been  made  by  Freundler.2 

For  the  rotation  of  the  esters  of  di-monochloracetyl  tart'. 
acid,  see  Franklin  and  Turnbull.3 

See  McCrae  and  Patterson'  for  other  derivatives  of  diace 
tartaric  acid 

Compounds  of  d-Dibenzoyl  Tartaric  Acid. 
Dibensoyl    Tartaric  Acid,    COOH.CH.O(C7H5O) 
CH.O(C7H5O).COOH-f  H2O,     Crystals      Melting-point  9< 

With  Water  of  Crystallization  : 
Alcohol  (d  —  o  818)  .........  c  —  8.933 

"       ........  ^  =  4994 

Methyl  alcohol  ............  c  —  4.857 

Anhydrous 

Alcohol  (d  ~  o  818)  .......    c  =  8  506  \oi\  }j  —  _  116.47°  r> 

........  ^  =  4-755  |>]2  =  -n768 

Methyl  alcohol  .........     c~4  625  [ar]  «  —  —  122.  14 

Dibemoyl  Tartanc  Acid  Anhydride,  (C7HBO.O.CH  CO)2( 
Crystals.     Melting-point  174°. 


aion  : 

[<*]#  =  —  no  91 
(>]g=  -112.05 
[«]  g  ==  —  1  16.30 


Acetone £  =  4644 

"       ^=  1-572 


S  —  +  142  94° 
$  =  4-  143  22 
«=-|-il47 


Dibensoyl  Tartanc  Add  Dimethyl  Ester,  (CHS)2(C7H5O) 
C4H206.     Crystals.     Melting-point  132°. 

Alcohol c—  0245     \a\ 5>°  — ~  96.61° 

Chloroform c  —  11.612     [a]},9  —  —  88  24 

*=  8598     [flr]J9  =  ~8878B 

Dibenzoyl   Tartanc  Add    Diethyl  Ester,   (C,H6)a(C7H50) 
C4H2O6.     Liquid. 

1  Colson    Compt  rend  ,  115,  729 

a  Cotnpt,rend,ns,509,  556;    Bull    soc  chtra ,  [3],  9,  680,  11,366,  470,13,  1035 
Ann   Chun.  Fbys  .  [7],  3,  433  ,  4,  244 

3  J.  Chem  Soc ,  73,  203  (1899! 

4  Ibid ,  77,  1096  (1900) 

8  Pictet    jab  Chem ,  1882,  p  857. 

•  Pictet. 

~  Freundler    Bull  soc.  chim  ,  [3]  7,  804. 
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Alcohol  (d  —  0.815)  . .     c  =i  9.175 

...  £-5-733 
.      c--=  2.693 

Dibensoy I  Tartaric  Acid  Diisobutyl  Ester,  (CJI9)2(CTHBO)2. 
C4H2O6.  lyiquid. 

Alcohol  (d  —  o  SiS)  c  —  14  085       [a] $  =  -  48  86e 

*  =  4922      ~ 
"  "  c~    2880 

Diphenyl  Acetyl  Tartaric  Add  Anhydride,  (C7HT.CO2.CH. 
C0)20  [0]*=  H-  58°.2 

Diphenyl  Propwnyl  Tartaric  Acid  Anhydride,  (C8H9  CO2.CH. 
CO)2O.  [a]j  =  +  38°. ' 

Frankland  and  Wharton1  and  Frankland  and  McCrae5  have 
given  the  following  determinations  . 


Pictet 

Freuudler    Bull  soc  chim  ,  [3],  7,  804 
i  Freundler 

J  Chem  Soc.,6p,  1309,  1583  (1896) 
Ibid,  73i  3°7(i8<581. 


i 

n 
1 

24° 

38 
63 

79 
99-5 
135-0 

IOO 

137 
183 
18 

38  ' 
44 
535 
60 

IOO 

H 

20 
325 
65 
IOO 

136.5 

+   20  71° 
+  20  18 

+  19.02 

+  1843 
+  1769 
+  1636 
—  7256 
—  6684 
—  5894 
—  5936 

—  61  70 
—  62  05 
—  6228 
—  62  28 
—  6077 
-|-  12.08 
+  II  82 
+  II  74 

H-  II  20               ; 
+  1088               ( 
-J-  TO  62 

/ 

[«]  • 

145 

2O 

54 

IOO 

136 

IOO 

109 
138 

180 

12 
19 
33-5 

545 
70 

IOO 

136 

IOO 

136 
183 

IOO 

1355 

183 

II 
30 

49 
70 

IOO 

135 

20.5 

245 

445 
50 

IOO 

136 

IOO 

137 
1835 

+  1363' 
+  13-59 
+  13-28 
+  1257 
+  ii  92 
+  15-85 
+  1544 
+  14.59 
+  1338 
—  7782 
-  7842 
—  7700 
—  7423 

—  72  02 

—  68  10 
—  61  28 
—  7902 
-  7058 
—  6096 

—  102  82 

—  91  5-"»- 
—  76  90 

—  6037 
~  6033 

—  5953 
-  57  96 
-  54-73 
—  5037 
-  6931 
-  6887 
—  69  16 
—  69  oo 
—  6374 

-  5871 
-  8998 
—  81  46 
-  6950 

The  observations  were  made  in  tubes  44  to  50  mm.  m  length, 
and  specific  gravity  determinations  were  made  over  a  suffi- 
ciently wide  range  of  temperature  to  allow  the  calculation  of 
the  specific  rotation. 
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Imides  of  d-  Tartaric  Add  and  Benzoyl  Tartaric  Add 
The  following  data  are  from  I^adenburg.1 

Methyl  Tartnmide.  Made  by  heating  methylamine  bitar- 
ate,  by  which  partial  racemization  followed.  Melting-point 
78°. 

'O--- 


.T_T 

NOH         Water,/.--      731      d~  1.0242      [or]/,  =  +  194.2° 
"       *•=      9Q-J       ^-10291  "  =  +  1936 

"       p  --    12.94      ^=10445  "  =  -1-192.6 

From  winch  [«]  »  =  196  30  —  o.  2877  ^  f  or  ^  =  7  to  13 

By  heating  methyl  tartnmide  with  2  mols.  of  benzoyl  chlo- 
ide  there  result  . 

a-Dibenzoyl  Methyl  Tartnmide.    Melting-point  56° 
Ethyl  acetate  ...........  p--    793     [<*]/>=  -f  183  9° 

"     ..............  p    -1583         "   =H   1857 

fi-Dibcnzoyl  Methyl  Tartnmide    Melting-point  106°  to  108° 
Kthyl  acetate  ..........  />  --    7  93     [<*];>--  +  188  8° 

"     .........  p  -  1584        "  •=  +  1898 

Ethyl  Tartnmide,   C<H4O<  NC2H6.      Melting-point  171°  to 

74°. 

Water    .....................  p  -  5  76  [«]/>  =  +  164  9° 

..............     p  --732         "     -  +  1656 

"      .....................  />      857         "    --  f  166  2 

Changes  m  the  Specific  Rotation  of  d-Tartaric  Acid  in 
Presence  of  Inactive  Substances 

If  different  bodies  are  added  to  aqueous  solutions  of  tartanc 
cid,  the  degree  of  its  electrolytic  dissociation,  as  explained  in 
1  61,  is  altered,  and  as  the  latter  is  reduced,  the  specific  rota- 
ion  is  lowered.  This  follows  on  addition  of  acids,  alkalies, 
ilcohols  and  other  bodies  and  the  decrease  in  the  right  rotation, 
so  caused,  may  extend  in  certain  cases  to  inactivity,  or  even  to  a 
:hange  to  left  rotation.  When  an  increase  in  activity  is  ob- 
served, as  by  addition  of  boric  acid,  molybdic  acid,  or  alkalies, 
his  depends  on  the  formation  of  complex  compounds  of  tar- 
aric  acid,  as  referred  to  also  in  §61. 

1  Ber,  d  chem  Ges  ,  39,  2710 
36 
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Of  the  many  observations  bearing  on  this,  a  number  have 
been  referred  to  in  the  general  part  of  the  work  (see  $850,  61, 
70)  ;  in  regard  to  others,  it  is  sufficient  here  to  refer  to  the 
original  papers.  Most  of  these  have  a  limited  value  only,  be- 
cause they  are  based  on  determinations  with  but  few  concen- 
trations, and  the  corresponding  data  concerning  the  degree  of 
dissociation  are  lacking. 

Inorganic  and  Organic  Acids  (see§6i).  These  produced 
decrease  in  the  right  rotation.1  Amido-acetic  acid  and  amido- 
propiomc  acid  increase  the  activity. 

Alkalies  bring  about  a  decrease  in  the  right  rotation  of  alkali 
tartrates,  which  may  extend  to  left  rotation.  " 

Alkali  Salts  produce  sometimes  an  increase,  sometimes  a  de- 
crease in  the  rotation  of  the  tartrates,  ^o.1 

Molybdates  and  Tungstates.  Increase  in  rotation  to  a  maxi- 
mum point.  §70. 

Alcohols,     Decrease  in  rotation.1 
Acetone.     Decrease.5 

Benzene  and  Homologucs,  mixed  with  alcohol,  produce  left 
rotation.  §59." 

Organic  Haloid  andNiiro  Compounds  Decrease  in  the  right 
rotation  or  change  to  left  rotation.  §59.7 

Inactive  Organic  Bases  (aniline,  pyridine).  The  right  rota- 
tion increases  to  a  maximum  and  then  decreases." 

Amido  compounds  (urea,  glycocoll,  alanin)  procluceincrea.se 
in  the  rotation.  Urea,0  glycocoll,  alanin.10 

/-TARTARIC  ACID.  i.  Water p  =  35.7,  t  ~~  rf  •  Biot'a  red 
ray  [a] r  =  — 8.43°. 

i  Blot  •  Mem  del'Acad,,  i<5, 229.  rvandoU  •  Her.  d  chem.  G«S8.,  13,  jjji.  Th.  Thorn* 
sen  .  J.  prakt  Chem.,  [a],  33,  219;  Fribiam  .  Siteber.  WLeu,  Akad.,  97,  II,  13. 

a  Th  Thomseu    J  prakt.  Chem.,  [a],  35,  145     Alfftmn  .  Corapt,  ienU,,  iw,  «x* 

1  P  Sditttt .  Ber.  d  chem.  Ge-3.,  ai,  9586  (KC1  and  NaCl).  I,O«K  •  vSUl.  Am.  J.  8ci., 
b],  36,  351 , 38,  264 , 40,  375  Th  Thomson :  J.  prakt.  Cliem.,  [a],  34,  Kj. 

<  Blot  •  Mem  de  1'Acad ,  15,  340.  Iyaudolt  •  Bei.  d.  chem.  Oe».,  13,  MM.  I'rI1>r»m- 
Sitzber.  Wien.  Akad.  97,  II,  468. 

»  Ivandolt:  Ber  d.  chem.  Ges.,  13,8332.  l'r!taam:B1Uher  Wen.  Akftd.,  07,  II,  46*. 

«  Prlbram:  Ber.  d  chem.  Ges.,  aa,  6 

'  Pnbram :  find.,  aa,  7. 

8  Prlbram    Ibtd.,  aa,  9. 

»  Pribram  :  Ibid.,  aa,  8. 

»  Pnbram    Sitzber  Wien  Akad.,  97,  II,  479. 
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For  right  tartaric  acid  under  the  same  conditions,    [pi],.  = 

+  8.58 

2.  The  review  of  Pasteur's1  observations  by  a  committee  con- 
sisting1 of  Biot,  Dumas,  Regnault,  and  Balard  furnished  the 
following  values  ? 


P 

42.06 
41-97 

<*?• 

1.21785 
I  21765 

/. 

5198 
5.198 

/ 

ar. 

Mr- 

I^evotartaric  acid  .  . 
Dextrotartaric  acid 

20.5° 
20.5 

-21485° 
+  21.452 

—  8  070° 
+  8.082 

Addition  of  bone  acid  increases  the  left  rotation  in  the  same 
degree  that  it  increases  the  right  rotation  of  dextrotartaric 
acid  The  committee  named  cite  the  following  parallel  experi- 
ments :' 


kevotar- 
taficacid 
Dextro- 
tartanc 
acid  . 


Tartanc 
acid 
P 

Boric 
acid 
P 

476 

Water 
Q 

71-35 

d 
I  13181 

' 

' 

ar. 

M~ 

2389 

5198 

23.2 

—  52.12° 

—  37-08" 

23.78 

480 

7142 

I  I3I58 

5.1935 

23  2 

+  53°7 

+  3797 

Salts  of  I- Tartaric  Acid 
I- Ammonium  Tartrate,  (NHJgC^Og. 
Water  p  =  12  16,  t  =  18  2,    [<*],  =  —  38.20*  from  which 

by  multiplication  with  —  we  have  [a],  = —  29.29.  For  the 
^-salt  Biot  found  [or],  =  +  29.0. 

l-Sodium  Ammonium  Tartrate,  NaNH4C4H4O0  +•  4H20. 

Water/  =  33  33,  t  =  16  5,  [af]j  =  —  26.0°  8 

The  solubility  is  the  same  as  with  the  rf-salt. 

Levotartar  Emetic,  KSbOCtH4O6  +  iH,O. 

Water p=  6.80,  t  =  19°,  My  ==~~  r56  2°-  Asimilarsolu- 
tion  of  the  rf-salt  gave  [«]y  =  +  156.2°.* 

i  Ann.  cliim.  pliys.,  [3]  a8,  77 

s  Ibid.,  [3],  a8, 101  to  105 

»  IM,,  [aL  J>8»  "oto  1:2  N 

<t  Pasteur .  /*«*.,  [3],  a8,  84 

••  Pasteur  •  J6td,,  [3],  a8,  90 

•<  Pasteur-  /Aid.,  [3],  a8,  87 
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l-Calcium  Tartrate,  CaC4H406  +  4^0,  dissolved  in  hydi 
chloric  acid  shows  right  rotation.  A  solution  of  20  grams 
the  salt  in  63  cc  of  hydrochloric  acid  (containing  7.09  gran 
HC1)  showed,  for  /=  3.9  dm.,  a,  =  •+•  6.7°.  If  tf-calciu 
tartrate  is  dissolved  in  hydrochloric  acid  the  solution  shov 
left  rotation.1 

Combinations  ofd-  and  /-  Tartrates  with  d-  and  l-Malates 
Right  ammonium  acid  tartrate  and  left  ammonium  malat 
form  a  crystallizable   combination  which,  when  dissolved  i 
aqueous  ammonia,  shows  the  same  rotation  as  a  mixture  o 
equal  molecules  of  the  two  salts. 

c  =  4,     [«]/  =  4-  14  5°  * 

^-Ammonium  acid  tartrate  and  /-ammonium    acid  nialate 
form  no  combination  with  each  other. 
Combinations  of  d-  and  /-tartramide  with  /-malamide. 
d-Tartr  amide  ,  [oQ,  =  -j-  133  g°. 
l-Tartramide,  \oi\j  ~  ~  134.  15°  ,  for  c  =  1.305. 
l-Malamide,      \ci\j  =  —    47.5°. 

d-  Tartramide  and  l-Malamide)  dissolved  in  equal  molecular 
proportions,  yield  an  easily  crystallizable  compound  : 
d-  Tartro-l-malamzde,  [a-],  =  -j-  43  O2°. 
l-Tarh  -amide  and  l~Malamide>  dissolved  in  equal  molecular 
proportions,  yield  also  a  crystallizable  compound  which  is  more 
soluble  than  the  last  : 

l~Tartro-l-malamidet  [or]y  =  —  95.71°  8 


forms  with  asparagin  an  easily  crystallizable 
compound,  but  /-tartaric  acid  does  not.  * 

AQuixic  ACID,  C7H,,O6 

i.  Water,        c==        2  6  Io 

[ar]g  =  _  44.09     —43.84     —43  7C5 
a.  Water,  r  =  8  9  to  53.03,  [«]?  =  -  43  8  to  43.9.' 
3.  Water,  ,  =  t.57  to  I2.7I,  [«]»  =  _         ^  9   , 


3  Pasteur   Loc  «/,  p  465 
*  Pasteur.  Loc  at,?  437 


.        .. 

-  Ber.  d  ch«n  Ges.,  a4,  la^ 
•  Oudemans    Rec  trav  ch£m  Pa£_^ 
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4,   Water,  p  =  9.93  to  29.50,  [ar]S  =  —  43.47    — o  Q2y>p.1 

Quinates  The  rotation  decreases  somewhat  with  increasing 
dilution,  and  finally  reaches  nearly  the  same  value  for  all.8 
See  §61  Addition  of  free  alkali  produces  an  increase  in  the 
specific  rotation  in  consequence  of  a  decrease  in  the  extent  of 
dissociation." 

12.  Acids  with  Seven  Atoms  of  ©xygen 
See  the  aldehydes  tinder  group  16  (oxyaldehydes,  sugars). 

rf-GwicoNic  ACID  (Dextromc  acid,  Maltonic  acid),  CH8OH. 
<CH  OH) £OOH  =  C,HWOT. 

The  free  acid  is  a  sirup,  which  by  long  standing  over  sul- 
phuric acid  is  partly  converted  into  the  lactone,  C6H1006 ;  a 
complete  conversion  follows  by  prolonged  heating  to  looV 
On  the  reciprocal  transformation  of  the  acid  and  lactone  in 
aqueous  .solution  at  the  ordinary  temperature  see  Mulhrotation, 
§75- 

Calcium  Salt,  Ca(.C(1HI1O7)J  -f-  H,O  (from  dilute  alcohol) 

Water i   —  1.8176,  after  ro  minutes  [a]/j        -f  7  92° 

Water c   -       "        "         r  hour  "         -f  5  94°  to  4  8° 

Exhibits  inulti rotation.'"' 
CaCC.jH^O^.j  -f-  2H3O  (from  water). 

Water     c   -  10  (anhydrous),     [//]$        I   6  66° h 

"      c      10         "  "         -|   7OT 

Shows  no  multirotation  K         * 

Anhydride,  CflH,0O(>.     Crystals.  Melting-point  130°  to  135°. 
Water       .   .   .     />       8.32,  da"       i  032,  /       20°,  [or]/)  -  +  68.2° 

At  the  end  of  twenty-four  hours  the  rotation  had  fallen  to 
64.2°,  but  the  solution  had  an  acid  reaction,  evidently  because 
free  acid  had  been  formed." 

i  Thomstn    J  irnikt  Chein.,  [2],  35,  156. 

3  Oudenmns     IMC  tit 

•'  Thoiusen :  IMC  ctt 

*  Fischer .  Bei   d  cliem  Oes.,  33,  2625 

•"  Her/feld    Ann.  Cliem  (rviel)ifir),  aao,  34^. 

8  Fmclier  •  Ber  d,  cliem.  Geh ,  33,  2614 

">  Schuelle,  Tollenb 

»  Fischer 

Ber  tl.  cheiii.  (»es.,  33,  2626 
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ACID.     The  mixture  of  acid  and  lactone  rotates 
strongly  to  the  left.1 

Calcium  Salt,  Ca(C6HnOT)a  (dried  over  H2SOJ  .    Needles. 
Water  ......  p  =  10  298,  d™  =.  i  049,  t  —  20°,  [<*]/>  =  —  6  64°  a 

Anhydride.  The  rotation  was  determined  in  a  hydrochloric 
acid  solution  of  calcium  gluconate. 

c  =  6.9  (anhydride),     i  =  20°,      \.OC\D\  =  —  22  o°  l 
rf-MANNONic  ACID,  C6H120T. 

Anhydride,  C6H10O6.     From  rf-mannone  by  oxidation  with 
bromine.     Glittering  needles.     Melting-point  149°  to  153°. 
Water  ......  #  —  999,    ^5"  =  1.0381,    /?  =  2O°,     \a\D  ~  +  53  81°  * 

/-MANNONIC  ACID  (Arabinose  carboxylic  acid). 
Anhydride,  C8H10Ofi.     From  arabmose  and  hydrocyanic  acid. 
Rhombic  crystals  which  soften  between  145°  and  150° 
i  Water  ........  #  =  9.1807,    d  —  I  0329,     [<r].o  =  —  54  8°  * 

]  ^-GULONIC  ACID,  C8H12O7. 

I  Anhydride,  C6HJOO6.     From  ^-saccharic  acid  by  reduction. 

i  Trimetric  crystals.     Melting-point  178°  to  1  80°. 

i  Water....  #  =  10.219,    ^=10373,    t  —  zo°,    [«]/»  =  +  55  i°  • 

From  glucoronic  acid 

;  Water..  ..........  ^=2157,    ^=19°,     [or]/,  =  +  56  i°  « 

Calcium  salt  ......   [o:]^  =  —  1445° 

/-Gui,ONic  ACID  (Xylose  carboxylic  acid) 
Anhydride,  C0H10O6.     From  xylose  and  hydrocyanic  acid. 
Trimetric  prisms.     Melting-point  185°  (cor.). 
j  Water.        p  =  9.15,  d  —  i  034,  t  —  20°,  [o-]/j  =  —  55  3°  T 

rf-GALACTONIC  ACID,   C6HUO7. 

On  the  multirotation  of  the  free  acid,  separated  from  the  cal- 
cium salt  by  aid  of  hydrochloric  acid,  through  change  into 
the  lactone,  see  §75. 

1  Fischer 

2  Fischer    Ber  d  chera  Ges  ,  as,  2614 

8  Fischer,  Hirschberger    Ber  d  cheni  Ges  ,  aa,  3218 

•*  Kiliani  ,  Ibid  ,19,  3034 

6  Fischer,  Piloty    Ibid  ,  34,  521 

•  Thierfelder    Ztschr  physiol  Chem  ,15,  71 

r  Fischer,  Piloty 
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Calcium  Salt,  Ca(C0HuO7)2  +  5HZO.      Monoclinic  crystals. 
Water  -f  HC1,  c  ~  o  76°,    t  =  15",     [or]  /,  =  about  +  2.85° 

But  if  the  calcium  salt  is  decomposed  by  oxalic  acid,  two 
crystalline  substances  result  •  i,  C6H12O7  (=  C6H10O6  +  HaO), 
with  melting-point  65°,  and  2,  C0H10OB>  with  melting-point  90° 
to  92°.  The  first  is  not  the  true  galactonic  acid,  but  the  hy- 
drate of  {he  anhydride.1 

TALONIC  ACID,  C^H^O,.  Made  by  heating  af-galactonic 
acid,  pyridine  and  water  to  150°.  The  mixture  of  acid  and 
anhydride  is  strongly  left  rotating  * 

rt'-lDONic  ACID,  CaH^O.. 

Double  Salt,  (Q,HuOt),Cd  +  CdBrs. 

P  —  11.14,     d  —  1.078,    t  =  20°,     [<x\D  --  -f  3.41°  • 

/-IDONIC  ACID 

Double  Salt,  (C^O^Cd  -f-  CdBrr 

/  —  10  562,    d  i  076,    t  —  20°,     [«]/>  --  —  3  25°  ' 

RHAMNOHEXONIC  ACID  (Isodulcite  carboxylic  acid),  CHS. 
(CH  OH)5.COOH  =C7HHO7 
Anhydride,  C7H,.jO(l.     Crystals      Melting-point  168° 

Water c       10  034,     /  ----  20° ,     [nr]/>  =  -  -f  83.8° 

Shows  no  multirotation." 

/-TRIOXYGLUTARIC  ACID,  Cr,HKO7. 

By  oxidation  of  arabinose  with  nitric  acid.  Microscopic 
plates.  Melting-point  127° 

Water  .   .  />  -    9  59,   d  -    i  0441,  /  -    20°,  [a]/j       —  22.7° 

The  rotation  remained  unchanged  after  twenty- four  hours  ' 

Potassium  Salt,  KjC^H.p..     Monocliuic  plates  or  prisms. 

i    From  rhamnose  . 
Water p       10  863,    ^J"  --  I  0685,    t  ---  16°,   \a\D  —  +  9-35° 

"     ^--9^92,      "   -=1.0569,    /=I3°.       "    =      9-50 

"     P    -29.498,      "    -I.I93S,    /=i4°i       "  =      9-58 

1  Schnelle  and.  Tollens    Ami.  Chem  (Iylebig),  371,  82 

*  Fischer    Ber,  d.  cliein.  Ges,,  34,  3623, 

i  Fischer,  Fay :  Jbid  ,  a8,  1982.  < 

*  Fischer,  Fay .  I6td.,  a8,  1977 

»  Fischer,  Piloty    find,,  33,  3104 
«  Fischer:  Ibid ,  34,  1836,  26K6 


2    From  arabinose 
Water p=   30741,  ^---10186,  t  --  19°,  [«]/>  -  "I   9  J3° 

GivUCDRONic  ACID,  COOH(CH.OH)4  CHO  =  C,,H1(,O7 
Potassium  Salt,  KC6H,,O7  (at  100°),  needles. 

Water p  —  3  85,      /  =  18°,     [«]/>  --.  -|   21.25° 

" ^  =  1925,    /=-i8°,          "  —       21.82 

The  specific  rotation  increases  on  dilution.  The  potassium 
salt  rotates  as  strongly  as  does  the  amount  of  anhydride  con- 
tained in  it 

Anhydride  From  euxanthinic  acid.  Monoclmic  crystals. 
Melting-point  175°  to  178°  (with  decomposition). 

Watei  P  —  14  14      dl*  — r  i  06201,     f< 

=  i  04125, 
-  i  03307, 


"      -..       "=    9575, 
"     ...."=    7719, 

"     •          "=    707, 
.       "=   4787, 

"=    386, 

«.       "  =   354, 

11       •        "=    239, 

...     "=    193, 

Effect  of  temperature  " 


19.15° 
19.26 

19-35 
20  06 

19  22 
1989 
2093 
21  So 
2166 


P 

[a} 

z>at 

5° 

18° 

3SP 

34° 

Water   
11 

n 

1414 
9575 

+  I76l° 
1763 

+  19  15° 
19.26 

+  20  83° 
2037 

-)-  31  00° 
21  10 

7*9 

17  72 

r9  35 

20  47 

Water       ............  c  -=  3,    t  =  2i°,     [a]/j  =.-  19  4°  !1 

OXYGLUCONIC  ACID,  C6H10OT  +  2H2O.     Sirup 

Water      .......      p  =  2)     [a:]/,  =  —  14  5°  ' 

SAccHARONicAcm,  COOH  C.OH  CH.,(CH  OH)rCOOH  = 
C6H1007 

Anhydride  (Saccharon),  CbHsO6  +  H2O 
oxidation  of  saccharin  with  nitric  acid 
Melting-point  156° 

Water   .  .  .  p  =  12  41,    d  =•  i  0451, 

1  Will,  Peters    Ber  d  chein  Ges  ,  aa,  1697 

2  Thierfelder    Ztschr  physiol  Chein  ,  u,  3 
s  Kfalz    Ztschr  f  Biol  ,  23,  478 

4  Boutroux    Ann  chim  phys  ,  [6],  ai,  565 

3  Kiliani    Ber  d  chem  Ges  ,15,  2959 


Formed  by  the 
Trichnic  plates. 


[«] 


6  i  ° 
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13.  Acids  with  Eight  Atoms  of  Oxygen 

IvEVULOSECARBOXYLIC  AdD, 

CH,(OH).C(OH.COOH)(CH.OH)8CH,OH  =  C7HUOH- 
Anhydride,  plates  or  prisms,   C7HUO7.     Softens  at   126°  ; 
melting-point  130°. 

Rotates  strongly  to  the  right  in  6  per  cent,  aqueous  solution.1 

tf-GivUCOHEPTONic  ACID  (  Dextrose  carboxylic  acid  )  ,  CH..OH. 
(CH  OH)6  COOH  =-  C.HU0K 
Anhydride,  C7H]aO7.     Rhombic  crystals. 
Water     .  p  -=.  3  3817,  d  ~  i  0144,  /    -  17  5°,  [>]/>   -.-  -  55.3°  s 

/f-GUJCOHEPTONIC  ACID 

Anhydride,  C7H,.,O.      Colorless  needles.     Melting-point  151° 
to  152°  (uncor.) 

Water    ..  />  =  10049,    d   =1.0372    t  -~  20°     Multirotation 
After  20  minutes  ..........   [<r]/>       —  79  i° 

After  24  lion  is  constant  ....       "    -=  —  67.7 

The  multiiotation  is  not  caused  here,  as  with  the  other  lac- 
tones,  by  transformation  into  the  acid,  since  at  the  end  of  the 
experiment  the  solution  is  found  perfectly  neutral.  ' 

^-GALACTOSKCARBOXYUC  ACID,   CH2OH.(CHOH)r,COaH 
Small  needles  ;  melting-point  145° 

The  rotation  of  aqueous  galactose  solutions,  to  which  hydro- 
cyanic acid  has  been  added  in  excess  at  the  ordinary  temper- 
ature, decreases  gradually,  and  finally  becomes  o  The  amide 
of  galactose  carboxylic  acid  is  formed,  which  on  boiling  with 
water  is  decomposed 

The  acid  is  inactive  in  5  per  cent,  aqueous  solution  (/  = 
2  dm.)  ' 

narnim  Salt}  Ba^C.H^OJj.  From  the  amide  on  boiling 
with  baryta  water. 

Water  .............  c      12  or,    /==2o°,    [.«]/•    -550° 


ACID  (Mamiose  carboxylic  acid), 
CH,OH.(CH.OH;fi.COOH.  Meltmg-pomt  175°.  Rotates 
slightly  to  the  left  in  aqueous  solution. 

i  Kiliam    Her  d  chein  (5e,s,,  ip,  1915 
"  Kiliam    Ibid  ,  19,  770, 
1  Fischei    Ann  Cliem  (I,ielng),  370,  84 
•i  Maquenue  •  Coinpt  rend..  106,  386 


Anhydride,  £^v£>r     Crystals.     Meltiug-point  148°  to  150°. 

Water c=  10.009,    /    -20°,     [«•];>       74.23° 

Slight  decrease  later. ' 

/-MANNOHEPTONIC  ACID. 

Anhydride,  CTH12Or     Crystals.     Melting-point  153°  to  155°. 
From  /-mannose  by  the  cyanhydric  reaction  and  saponifi- 
cation. 

Watei    ..p-  5.27,    rfj»=-  1.02,    t  --^20°,     [or]/)       -|7S.'S°" 

RHAMNOHEPTONIC  ACID,  CHa(CHOH),,.COOH.  From 
rhamnohexose  by  hydrocyanic  acid. 

Anhydride,  CRHWO7.     Crystals.     Melting-point  160°. 

Water £=10.036,    /  =  20°,     [«]/>       ~\  55.6° 

After  six  hours  the  rotation  was  still  unchanged. 

Saccharic  Acids,  CO2H.(CHOH),.CO,H  -=CBH10OK, 

rf-SACCHARIC  ACID. 

Anhydride,  Lactone,  CgH8O7.  Needles.  Melting-point  J  30° 
to  132°. 

The  right  rotation  observed  by  Clerget"  has  been  confirmed 
by  Sohst  and  Tollens. '  The  latter  found  that  aqueous  solu- 
tions of  the  anhydride  exhibit  increased  rotation  ;  but  if  the 
saccharic  acid  is  thrown  out  from  its  solutions  by  aid  ot  acids 
the  phenomenon  of  decreasing  rotation  is  noticed.  In  both 
cases  a  constant  value  of  about  22.5°  is  reached,  in  the  one 
instance  by  a  gradual  decrease,  and  in  the  other  by  a  giadual 
increase  in  rotation  See  §75. 

The  observations  of  Sohst  and  Tollens  on  the  gradual  change 
of  the  specific  rotation  of  saccharic  acid  have  been  already  given 
m  §75. 

Acid  Ammonium  Salt,  NH^HjOf,. 

Water c  =  20  029,     [a]/)  -~   |-  5.84° 

Multirotation  could  not  be  detected/' 

The  specific  rotation  of  /-saccharic  acid  has  not  yet  been 

i  Fischer,  Passmore    Ber.  d.  chem  Ges  ,  33,  2226. 

^  Smith    Ann  Chem.  (I/ieblg),  371, 183 

*>  Compt.  rend ,  53,  343 

*  Ann  Chem.  (X^iebig),  345,  9. 

G  Sohst  and  Tollens    16 id.,  245,  15. 
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determined.     Its  crystalline  potassium  salt,   KC6H,,O8,  rotates 
slightly  to  the  left  ' 

ISOSACCHARicAcio     Rhombic  crystals.  Melting-point  185°. 

Water. .  p  =  4  266,     df  —  1.01689    ^  =  2O°     Ca]-0  ™  +  46.12° 
The  specific  rotation  of  the  aqueous  solution  is  not  changed 
even  after  heating  three  hours  to  200°  to  220°  z 

Water /  =  4  7  after  heating,    [«]/>  -=  +  48  93.°  " 

hosaccharic  Add,  Diethyl  Ester,  (CaH6)2C8HsO8.  Crystals. 
Melting-point  73°  ;  boiling-point  250°. 

•    Water £  =  5,     IXb  = -f  35  5°  l 

hosaccharic  Acid  Diamide,  CaHnOjCNH,),,  Crystals.  Melt- 
ing-point 226°. 

Water c  —  5,     [<x\D  =  -f  7  16°  * 

NORISOSACCHARIC  ACID,  (C(,H10O8).  Calcium  salt  (p  —  5) 
and  HC1.  After  heating 

[«•]/>  -=  +  Si  73°  5 
flf-MANNOSACCHARIC  ACID 

Anhydride,  CGH8Otl  +  2H2O.  Crystals  Melting-pomt  180° 
to  190°.  In  fresh  aqueous  solution  : 

/>-~3432.      ^-=10176,     ^  =  23°,     [a]v  ~   )-  2or  8°  « 

Mucic  ACID,  (CHOH)1(CO2H)a  Crystals.  Melting-point 
213°.  This  acid  is  inactive  from  the  symmetrical  arrangement 
of  its  molecule,  and  former  observations  of  rotation  must  be 
referred  to  impurities.1  For  this  reason  the  efforts  of  Ruhe- 
mann  and  Dufton"  to  split  up  the  acid  into  two  active  compo- 
nents by  aid  of  quinine,  cinchonine,  or  strychnine  failed. 

TAI.OMUCIC  ACID,  CoH^O,,.     Microscopic  plates      Melting- 
point  158°  (with  decomposition). 
For  freshly  prepared  aqueous  solutions,/ =  3. 84,  d—  1.0172, 

i  Fischer .  Ber.  d.  cliem  Ges  ,  33,  2621. 

-  Tiemann  and  Haartuann  .  Ibid ,  19,  1260 

8  Tienmmi    Ibid.,  37, 137. 

4  Tiemann  and  Haarmanu. 

8  Tiemann ,  Ber,  d  cheni.  Ges.,  37, 137 

«  Fischer    Ibid,,  34,  539. 

>  Fischer,  Hertz    Ibid.,  »s,  1247. 

«  J  Cheni.  Soc.,  5^,  750. 


,,/_  w*.w.aixjLi»  wr   JS.U1AJ.1UJN   UF  ACTIVE  BODIES 

/  =  20°,  [or]/,— about  29.4°      On  heating  the  solution,  the 
rotation  diminishes  on  account  of  lactone  formation.1 

14.  Acids  with  Nine  Atoms  of  Oxygen 

tf-GttJcoocTONic      ACID,       CH,OH(CH.OH)(1  COOH  = 

C,HMO, 

Anhydride     (From     «-glucoheptose),     CHH14OK      Meltmg- 
point  145°  to  147°  (tracor  ). 

Water  .  p  —  10  405,     d  ~-  1.0417,     t  —  20°,     [ci]a  —  -f  45  9°  a 

/?-GujcoocTONic  ACID 

Anhydride.     By  product   in  the  formation  of   the   tf-acid. 
Crystals;  melting-point  186°  to  188°  (uncor). 

Water- . .    />  =•  n  399,     d  —  i  042,    *  =  20°,     [a]/j  _=  +  23  6° 
The  rotation  remained  unchanged  after  twelve  hours  * 

fl'-MANNOOCTONIC  ACID,  CHHiaO,. 

Anhydride,  C8HMOB.     From  mannoheptose.     Crystals ,  melt- 
ing-point 167°  to  170° 

Water .    p  =  9  8534,  d™  =  1-0394,  ^  =  20°,  [or]/,  =r  —  43  58°  ' 

RHAMNOOCTCWIC  ACID,   CH8(CH.OH)7  COOH  =  C8H]8O9. 

Anhydride,  Cj,H18OR.    From  rhamnoheptose.    Needles    Melt- 
ing-point 171°  to  172°. 
Water. .  p  =  4  762,  d   ~  1.0163,  *  =  i  0163.  /  =~  2°°,  [«]/»  ~-  —  50  8°  r> 

GALAOCTONicAciD,  lactone,  CJXUOK.     Melting-point  220° 
to  223° 

^  —  4  26,     d  =  1.017,    *  =  20°,     [a]/j  -=  +  64.0°  '• 


ACID,      COOH(CH  OH)5  COOH  = 
C7H12O9      From  tf-glucoheptonic  acid 

The  anhydride  C.H10O8  is  inactive  m  10  per   cent  aqueous 
solution.7 

/8-PENTOXYPiMEWC  ACID.     From  ytf-glucoheptonic  acid 

1  Fischer    Ber  d  chem  Ges  ,  34,  3622 

-  Fischer    Ann  Chem   (lyiebig),  370,  92 
•'  Fischer    Ibid  ,370,  100 

*  Fischer,  Passmore    Ber  d  chem  Ges  ,  33,  2233 
u  Fischer,  Piloty    Ibid  ,  33,  3109 

8  Fischer    Ann  Chem  (I,iebig),  388,  149 
"  Fischer    Ibid  ,  370,  90 
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Anhydride^  C7H10O8      Crystals      Melting-point  about  177°. 
Water  ....  p  ~  9  972,  d  ~  i  0433,  t  =  20°,  [«>  -f  68.5°  » 

TANNIC  ACID,  TANNIN,  CUH10O0  -f  2H.O. 

Water    . .  p  —  I,    i?  —  20°,    c^  (for  2  dm  )  —  -f  i  50°  (?)•* 

This  acid«was  formerly  supposed  to  be  inactive,  but  Gunther 
and  also  H  Schiff  *  recognized  it  as  strongly  right  rotating. 
The  latter  found  for  pure  commercial  preparations  in  aqueous 
solutions  with  c  —  i,  a  rotation  varying  from  \OL\D  =  -f-  14° 
to  -f  67°  for  different  preparations.  This  stands  in  contra- 
diction to  the  constitutional  formula  proposed  by  Schiff  for 
tannin,  according  to  which  there  is  no  asymmetric  carbon  atom 
present,  and  which  is  supported  by  the  fact  that  the  synthetic 
tannin  obtained  from  gallic  acid  is  optically  inactive,  also  by 
the  fact  that  the  products  obtained  from  natural  tannin  by 
hydrolysis  with  weak  hydrochloric  acid  (gallic  acids)  are  like- 
wise inactive.  To  clear  up  this  point,  Walden'  has  under- 
taken some  experiments  on  the  separation  of  different  compo- 
nents from  commercially  pure  tannin  ([«]/>  =  +  67.5°, 
in  water,  c  ---  i )  by  means  of  dialysis,  and  also  by  fractional 
precipitation  from  solutions  in  ethyl  acetate  by  addition  of  ben- 
zene, etc  By  such  methods  he  found  it  possible  to  sepa- 
rate the  tannin  into  fractions  with  unequally  strong  rotations 
Walden,  therefore,  considers  it  probable  that  the  rotating  power 
of  the  natural  tannin  is  due  to  admixture  with  small  amounts 
of  highly  active  substances  of  unknown  composition 

Rosenheini  and  Schidrowitz5  have  also  examined  the  acid 
anew  and  come  to  conclusions  somewhat  opposed  to  Wai- 
den's.  They  conclude  that  the  larger  portion  of  the  commercial 
acid  is  a  single  homogeneous  body  of  high  rotation,  and  that 
the  formula  of  Schiff  must  be  wrong. 

15.  Acids  with  Ten  Atoms  of  Oxygen 

tf-Gi,ucoNONONic  ACID,  CBH1HO,0      From  a-glucooctose. 

Anhydride,  CBH1BOfl.     Has  not  been  obtained  crystalline 
Water c  --  about  10,    t  -  20°,    [«3/?  =  +  33°  " 

i  Fischer    Loc,  cit. 

a  Gtmther    Bcr  d.  dentsch.  Pharm.  Ges  ,  5,  297,  1895 

«  Chem.  Ztgf.,  (1895),  p  1680 ;  (1896),  p.  86^ 

<  Ber  d  chein.  Ges  ,  30,  3151  (1897) 

*  J.  Chem  Soc.,  73,  878. 

«  Fischer    Ann.  Chem  (I^ieblg),  370,  ma. 
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^-MANNONONONIC  ACID,  C9H18O10.     From  mannooctose. 
Anhydride,  C9H1BO8      Crystals  ;  melting-point  175°  to  177°. 
Water c  =  10  002,     t  =  20°,     [a]/j  =  —  41  o°  * 

x6.  Oxyaldehydes,  Aldoses,  Aldehyde  Sugars 

ARABINOSE,  CHO.(CH.OH)8.CH!!OH  •=  C6H10O6. 
d-Arabinose      Formed  by  degradation  of  of-glucose      Rhom- 
bic crystals 

Water  .  ..  />=  io.ii,  a?-'°=  1.0402,    rf  =  20°,  [«:]/)  =  —104.1° 

Compound  of  d-Arabinose  with  Acetamide,  CH3OH. 
(CHOH)8CH(NH  C2H80)2.  Fine  white  needles;  melting- 
point  187°. 

Water  -  ...  p  —  10.03,  *°  =  i  O455,  *  =  20°,  [cr]/)  =  —  9.5°  a 

l-Arabinose  From  cherry  gum,  exhausted  beet  cuttings, 
exhausted  beermash,  wheat  bran,  gum  arable,  gum  tragacanth, 
quince  mucilage,  gedda  mucilage,  etc  Glittering  trimetric 
prisms  ,8  melting-point  160°  ,*  152°  to  153°  ;6 158°  to  160°  6 

Water. .  .  c  =  10,  t  ~   5°,  \ci\D  —  +  104  4°  7 

Water c=lo,  t  =  i8,  "  =  +  104  4°  8 

Water...  .  ^=10.369,  rf  =  20,  "  =+1054°,     [a]/  =  +  ii809 

Water..  c=   8740,  "  =  +  105  i° 10 

Water  ..  .  c=    9730,  t  =  20,  "  =  +  104.55°  " 

Water- .  . .  c  =  10  201,  t  =  20,  "  =  -f-  104  64°  " 

Water c=   9016,  t  =  20,  "  =  -f- 103  87°  12 

/-Arabmose  exhibits  the  phenomenon  of  multirotation.  The 
beginning  rotation  for  £=9.73  is  about  157°. 1S  See  §72. 
Ammonia  immediately  destroys  the  multirotation.1*  The  rota- 

1  Fischer,  Passmore    Ber  d  chem  Ges.,  33,  2236 

2  Wohl    Ibid  ,  26,  740 

3  O 'Sullivan    J  Chem  Soc  ,  45,  41 

*  Scheibler    Ber  d  chem  Ges,i,io8;  v  lyipprnaim    Ber  d  chem  Ges    17,2239 
5  Frankland,  MacGreger    J  Chem  Soc ,  61,  737 
«  Conrad,  Guthzeit    Ber  d  chem.  Ges ,  18,  2907 

7  Bauer    Ibid  ,  23,  Ref  835 

8  Scheibler    Ibid ,  17,  1731 

9  v  lyippmann    Ibid ,  17,  2239 
1°  Sliliam    Ibid  ,  ip,  3031 

11  Parcus,  Tollens    Ann.  Chem  (I/iebig),  357, 173 

w  Allen,  Tolleiis    Ibid ,  360, 300 

»  Parcus  and  Tollens    Loc.  cit 

14  Schulze,  Tollens    Ann  Chem  (l^iebig),  271,  49 
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tion  decreases  with  increasing  temperature.     For  example  : 
[«]i3  --  +  106  o°,  [a]»  =  +  104.5°  * 

Arabtnosazone,  Cl,HttOa(N.NHC6H6)!!.  Crystals;  melting- 
point  157°  to  158°  ;9  159°." 

Alcohol,  95  per  cent  ...<:  =  3.40,    t  —  20°,    [d\0  =  +  18  90° 
The  rotation  gradually  disappears  *    Compare  Fischer.6 

i-Arabinose  An  aqueous  solution  which  contained  10  per 
cent,  of  each  of  the  active  components  rotated  in  a  i  dm.  tube, 
after  fifteen  minutes,  4°  to  the  right ;  after  one  hour  +  0.2°, 
and  after  two  hours  it  was  inactive.  Wohl6  refers  this  to  the 
birotation  of  the  /-arabmose 


)7 
J 


CH,OH(CHOH),CHO  =  C6H10Ofi.     White  needles 
or  orthorhombic  prisms  ;  melting-point  144°  to  145° 
Water.,  c  -  10664,          /  =  20°,  [<*]/>=  +  19.31 
Water..  £=11070,          rf  =  20,        "    =  +  19.22 
Water  .  .  c  —  10.108,          t  =  22,        "    =  +  19  39 
Water  ..  p  ~    9.940,     d™  =  i  0359,     t  —  20°,     [a]/,  +  18  99°  8 
(Mean  of  about  50  readings.) 

The  effect  of  concentration  on  the  specific  rotation  of  aqueous 
solutions  of  xylose  was  investigated  by  Schulze  and  Tollens  * 
All  the  solution*  were  tested  after  standing  twenty  to  twenty- 
four  hours,  the  61  per  cent,  solution  after  a  quarter  of  an  hour. 


p 

rff. 

MS. 

3  '15 

1.00977 

+  18  425° 

5376 

1.01814 

18547 

9  706 

I  03481 

18773 

2i  744 

1.08299 

19  610 

34  355 

LI3750 

20.495 

46.395 

1.19266 

21  429 

56.229 

1.24205 

22  68l 

61  747 

1.27258 

23  702 

i  Parcus,  Tolleiis. 

o  vScheibler 

a  Allen  and  Tolleiis, 

*  Allen  and  Tollens    Ann.  Chem  (X,iebig),  a(So,  300 
»  Fischer :  Ber.  d  cliem.  Ges.,  93,  385,  note. 

*  Ibid ,  a6,  740 

7  Parcus  and  Tollens :  Ann  Chem.  (tyebig),  357, 175. 
»  Wheeler.  Tollens :  Ibtd  ,  294,  310 
o  Jbtd.,  971,  40. 
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From  these  figures,  interpolation  formulas  for  the  tempera- 
ture of  20°  may  be  calculated  . 

I c—  3*034,    [«]/j  -=  18095  +  006986 />, 

II c  =  34to6i,         "    -•=  23.089  —  o  1827  p-\-  0.00312 p- 

The  temperature  has  no  marked  effect  on  the  rotation  be- 
tween 15°  and  20°,  but  above  20°  a  change  takes  place  which 
must  be  considered  in  any  exact  investigations. 
Water p  ~  10  0829,     ^=1.0362 


15° 

20 
25 

30 


+  :8  898° 

1 8  909 

19  248 
19  628 


Xylose  exhibits  multirotation.     §72. 

Observations  of  Wheeler  and  Tollens1  gave  • 
Water  ..  c  =  10  236,     t  =  20°,  after    5  minutes  [«]^  —  +  85  86° 

Water   .  c  —  10  236,    rf  =  20,      "     10       "  "    =- +  70  14 

Water  ..  c  =  10  236,     rf  =  20,       "     1 6  hours  constant      "    —-(-18.59 

Parcus  and  Tollens4  found  the  beginning  rotation  lower 

Water c  —  10  664,     t  =  20°      after   5 \  minutes  [«]/;  =  -|-  77  87° 

constant      "     24  hours  "    —  +  19  31 

Water c~  11070,     t  —  zo0,       "      4^  minutes       "    =  -f-  78  61 

constant      "     24   hours  "    --  -|-  19.22 

From  this  [«]y?  two  minutes  after  solution  —  about    91° 
"        "        "    immediately    "          "        =  about  100 

Ammonia  of  about  o.  i  per  cent  strength  brings  about  the 
end  rotation  immediately.  If  more  than  o  i  per  cent,  is  pres- 
ent the  rotating  power  is  very  greatly  decreased.  See  §73. ' 

Xylosasone,     C5H8O3(NaH.C6H6)2.       Bright    yellow    silky 
needles;  melting-point  159°  to  160° 
Alcohol,  95  per  cent p  =  2  815,    d  =  o  85,     [a]/>  =  —  43.36° 

After  more  than  a  week  the  solution  showed  approximately 
the  same  end  rotation,* 

*  Ann  Chem  (I^iebig),  354,  311 
a  Ibid ,  357,  175 

:*  Schulze,  Tollens    Ibid ,  371,  49 
4  Allen,  Tollens    Ibid  ,  a<Jo,  295 


,  AI.DOSES,  ALDEHYDE  SUGARS          577 

Fucosu,  CHS  (CHOH)4CHO  =  C6HiaOB.  From  sea  weeds. 
Crystals ;  nielting-point  116°  to  140°. 

Water- .  c  =  9  1375  (dried  at  65°),    t  =  20°,     [ct\D  =  —  75.96° 
Fucose  shows  marked  multirotation.     An  aqueous  solution 
clarified  with  alumina  cream  gave  the  following  rotations  :a 
c  ~  6.9155,    t  --  20°,  after    u  minutes  [<*]/>  =  -—  m.8° 

14        "         "    =      106.8 

21        "          "    ~        978 

31        "          "    =        900 

71        "          "    =        790 

"     101        "          "    =        778 

"     146        "          "    =.        768 

On  the  following  day  constant  =  —   77  o 

RHAMNOSE  (Isodulcite,  rhamnodulcite) ,  CH8  (CHOH)^ 
CHO  +  HaO  =  C8H1206  +  H20. 

Ordinary  Rhamnose  Monoclimc  crystals ;  melting-point 
93°  to  94°  (On  the  three  modifications  of  the  substance,  see 
§72.)  The  following  numbers  hold  for  the  final  constant 
rotation  and  the  hydrate  : 

From  qiiercitrnie,  water c~  18076,    ^=17°,     [<*]/>  =  +  8  04°  2 

From  xanthorhammne,  water  ^-=2604,  t  1=17°,  [«]/>  =  +  8.O708 
From  xanthorhammne,  water  c  --  12  390,  t  =  18°,  [«]/>  =  -f  8  83°  4 
From  nanngenine  (citrus  decu- 

mana)  water f  —  25.166,     /--I7°,     [«]/,  —  + 8.2°  5 

Effect  of  concentration 

c  -  -         5  9  18  22  40 

[«]„  _   i  848°,     -|  852°,    -[-8.50°,     f  851°,     H  865° 

The  rotation  is,  therefore,  influenced  but  little  by  the  con- 
centration. With  elevation  of  temperature,  the  rotation  de- 
creases and  mcc  versa  For  /=-  6°  to  20°  this  formula  holds . 
[<*]/.  --  9.18°  —  0.035  ^6 

Rhamnose  exhibits  multirotation  as  described  in  §72. 
Freshly  prepared  solutions  show  left  rotation  which  changes 
gradually  to  right  rotation  • " 

1  Ofantlier  Tollens .  Ann  Chem.  (l^iebig),  271,  86 

a  Bercnd  •  Ber  d  chem.  Ges.,  n,  1354.. 

s  Ztiebermann,  Hbrmann    Ibnl.>  u,  956.  Will-  Ibid.,  ao,  1186 

^  Stohmann,  lyatigbein  .  J.  prakt  Chem.,  [aj,  45,  308 

»  Will    Ber.  d.  chem.  Get..,  ao,  294. 

«  Schnelle,  Tollens  •  Ann  Chem  (X,iebig),  a7i,  62 

"<  Jacobi'  fbfd.,  379,  i?s 

37 
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Water p  =  10,    ds°  =  I  0236,  I  =  20° 

After  i  minute [a]z>  —  —  5  6° 

After  8  minutes "    —      oo 

Constant  after  i  hour "    .=: -f  8  3 

Water    c  —  10,    *  =  19  5  to  20  5° 

After 5 J  minutes [«]/>  —  -311° 

After 95  minutes "    =      oo 

Constant  after  57  minutes "    =-(-856 

In  another  series  of  experiments,  the  beginning  rotation  was 
-4-50.1 

The  decrease  in  rotation  takes  place  regularly  with  gradually 
diminishing  rapidity.2 

When  rhamnose  is  heated  to  the  melting-point,  the  end  rota- 
tion is  reached  immediately." 

A  small  addition  of  ammonia  destroys  the  multirotation  * 

Water,  c  =  10.052  t  =  so0,  [>]„  after  20  hours  =  +  7.86° 

Water  with  o.i  per  cent  ammonia,  t  =  20°,  [cc\D  after    7  min    —  -|-  7  95 

For  further  observations  on  rhamnose  see  Gernez"  and 
Tanret." 

On  the  rotation  of  rhamnose  in  alcoholic  solution,  .see  §64. 

Anhydrous,  Amorphous  Rhamnose,  Isodulcitan,  CBHT,Or). 

Water ^  =  9,238,    d—  10281,    t  =  20°,     [a]yi  = -f  8  7° 

This  shows  no  multirotation  in  water  solution  ." 

Water p  =  27  982,    a?=°  =  1.1002,     t  =  20°,     [«]/>  =  H     6.36° 

Water..        ...£  =  21.519       "    =10765,     t  =  20,          "    -=  -|-    g.43 

Water /»  =  14  419,      "    =10507,     t  ~  20,          "    ~  +    9  34 

Methyl  alcohol  (97.94  p.  c  ),  p  =  19.06,  ^"  =  o  8842,  [ur]/i  _=.  —  10.59 

In  alcoholic  solution  the  rotation  may  be  either  +  or  — 
according  to  the  concentration  and  the  percentage  of  water  in 
the  alcohol.  Rayman  and  Kruis7  obtained  the  following  num- 
bers : 

1  Schnelle  and  Tolleiis  •  Loc  at. 

-  Parcits  and  Tollens    Ann  Chem  (I,iebig),  357, 160 
s  Jacobi 

*  Schitlze,  Tollens  •  Ann  Chem   (X,iebig),  371,  49 
5  Compt  rend  ,  lai,  1150, 

«  Ibid ,  122,  86 

"  Bull  soc  chiin  ,  [2],  48,  633 


Ethyl  alcohol  (  5.31  p.  c.), 

P  ~  17-579,  d\ 

•  =  1.0534, 

( 

"      (1091  ' 

") 

16.694 

1.0432 

t 

"      (29.84  ' 

") 

17690 

1.0170 

( 

"      (43-57  ' 

") 

18621 

0.9960 

' 

"      (38.27  ' 

") 

11.177 

0.9767 

< 

"      (66.09  ' 

"  ) 

12669 

0.9482 

t 

"      (94.00  ' 

11  ) 

10.445 

0.8502 

1 

"      (96.11  ' 

")' 

7028 

0.8292 

1 

"      (97.36  ' 

11  ) 

4875 

0.8159 

"      (9933  '   ") 

9368 

0.8176 
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=  +     8.96P 

H-  8*lS 

-I-  4-*4 

+  3-a8 

+  «-35 

•!"  0<84 
— •  9-33 
—10.04 
—10.69 
—10.6s 

Rhamnosc  Oxime,  C6H18CVNOH.  Crystals  ;  melting-point 
127°  to  128°.  Does  not  show  multirotation.  See  §72. 

Rhamnose  Phenylhydrazonc ,  C6HlaO+.  (NaH. C6H6) .  Colorless 
scales  ;'  melting-point  159°.  Dissolved  in  water  by  gentle  heat 
and  quickly  cooled: 

P  ~=  i  011,    d^  ~  10091,    *~=2o°,    [«•]/>  —  -!  54.3°  ' 

It  does  not  show  birotation.  The  rapidity  of  liydrazone 
formation  may  be  followed  by  the  polariscope.a 

GALACTOSE,  (Lactoglucose),  CHJ.OH.(CH.OH)i.CHO. 
d-Galactosc      Found  in  three  modifications.     See  §72. 
Ordinary'  Galactosc.    Granular  crystals  ;  melting-point  1 68°  ;s 
161°  to  162°  ,'  i62°.r> 

For  the  constant  form  there  has  been  found  • 
Watei,  c       10  to  15°,     [«]/>   |  81  4to8i  7°  " 
Water,  />   -  10,     rf'8    -=1.0385,    /    -  18°,     [or]/.    - -|    8r  2°  7 
Water,  c     -  9  973,     t       15°,     [tr]/i  -  -  +  8r  01°  h 
Water,  p    -10182,    d*'    -1.0395,    ^---205°,     [tr]/>    -  -|    805°" 
Water,/       10,  rfa"       10379,  '      20°.   [n]/>   -  +8r  5°.'i[<r]  /        I    92-°°  "* 

From  /^-galactan 

Water i       10078,     t       15°,    [«]/,   --  +  81.54°" 

For  the  dependence  of  the  specific  rotation  of  aqueous  soltt- 

'  Fischei ,  Tafel    Ber  d  chem.  Ges ,  ao,  a^y/i 

9  Jacobi .  Ann.  Chem.  (I^iebig),  373,  174 

>'  v,  lyippnianu  >  Ber  d.  chem  Ges  ,  18,  3335. 

*  Mtiutz  .  Jahresher.,  1882,  p.  1125 

11  Schul'/e,  Steigei  :  Ivand  Verh.  Stat ,  36,  423 

«  Kent,  Tolleiis:  Ber  d  chem  Ges  ,  17,  668 

7  Schetbler    /Azrf,  17,  1731. 

"  Steiger,  Ztfach  physiol  Chem,  11,373. 

11  Tollens,  Stone    Ber  d.  chem.  Ges ,  ai,  1573 

10  v  T.ippmann    /Ant,,  17,  2239. 

11  vSchulsse,  Steiger :  lyand.  Vers,  Stat.,  36,  433.  / 
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tions  on  tlie  percentage  strength  and  temperature,  Meissl  h 
found1 

[*]  1,  =  83  883  +  o  0785  P  —  0.209  /, 
which  formula  holds  for/  —  5°  to  3,3°  and  t  —  10°  to  30°. 

Rindell2  gives  the  formula 

[a]  j,,  =  83.037  +  0.199^  —  (0.276  —  0.0025  p)  t, 

holding  for/  =  11°  to  20°  and  t  =  4°  to  40°. 

The  two  formulas  lead  to  the  following  specific  rotations  : 
p  =  10  15  20 


10° 


20° 


30° 


10°   20° 


30° 


10° 


.    ,    JMeissl    8258  8049  78-40    82.97  8088  7879    83.36  81.27  79«l£ 
1   J/)  JRindell  82.52  80  01  77  50    83  64  81.25  78.87    84  76  82.50  80  24 

Galactose  possesses  inultirotation.  For  the  beginning  rot? 
tion  Meissl  found  130°  to  140°,  v  I/ippmann  134.5°,  K°d 
132-5°>  133-8°,  137-4°.  Parcus  and  Tollens4  give  the  follow 
ing  observations  : 


c=  11.0810     t  = 

=  20° 

C  =  10  2045      if  =  2C 

«. 

Time  after  solution 

r«> 

Time  after  solution 

[a]/, 

117  24° 

TT7  /iR* 

8           '       

116  14 

8        "      

11  7  4° 

10          '       

TT/I  27 

TO              "          

IO7  71 

2Q              *  '              

J-^4  43 

IO2  87 

107  31 

,10          '       

98  81 

n8  it 

ge  88 

CQ                    «  «    '               

98>33< 

Q1  If 

94  -*0 

8*  QQ 

91.72 
8?  cR 

4      "     

8l  O2 

03.50 

So  « 

T          "         1 

1  ^' 

OUO5 

7            {     

6       "       T 

7   «    1  

24      "     J 

24    "    J 

ouoy 

1  J.  prakt  Cbeni ,  [2],  aa,  97 

s  Scheibler's  N  Z.  Rbz  -Ind  ,  4,  170. 

s  Pharm  Ztgf.  f  Russl ,  1886 

4  Ann  Chem  (I^iebig),  357,  168 
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From  the  curve  constructed  from  this  we  have : 

[«];>  after  2  minutes  —  about  122° 

'*  at  moment  of  solution  ==     "     127° 

o.  i  per  cent  ammonia  destroys  the  multirotation.1 

d-Galactose  Oxime,  C6Hj8O8-NOH.     Crystals  ;  melting-point, 
•175°  to  176°.     Multirotation  shown. 

Water /  =•  5  1056,    ^°=roi7,    *  =  2o° 

After  10  minutes [a]/?  -=  -f  20  6° 

' '    20  hours  constant "    =  +  14.75 

On  account  of  the  slight  solubility  in  cold  water,  solutions 
up  to  a  strength  of  5  per  cent,  only  could  be  investigated.8 

d-Galactose Phenylhydrazonet  C6H12OB:(N2H.C0H6).  Crystals; 
melting-point,  158° 
Dissolved  by  aid  of  gentle  heat  in  water  and  quickly  cooled : 

p  -  i  980   d™  -.  1.0065,    t  —  20°,    [or]/)  =  --  21.6° 

Multirotation  could  not  be  observed.8    See  also  Fischer  and 
'Tafel.1 

d-Galadose  Anilidc,  C,HUO,  NH.C0H8      Triclinic  crystals  ; 
melting-point  about  147°. 

Ethyl  alcohol  (90  vol.  per  cent  ) 

p  =~  a  289,    d*'      o  8366,    /  --  20°  to  23°,     [>]/>  -  -  —  31  33° 
/.-c  2.099,      "         08334,     t  -^  20°  to  23°,         "    ^--31.44° 

Methyl  alcohol  (y*°  —  o  7907) 
p  -    I  699,     d~°   -  0.7997,    i  --    20°  to  23°,     [or]/,  —  —  33  12° 

d-Galactose-p-toluidc,    C8HUO6  HN(CH3)  C8H4       Crystals; 
melting-point,  139°. 

Methyl  alcohol  (as  above) 

p--=  0.6167,     d™      07952,     *--2o°t023°,     [u:]w  —  —  3399* 
Ethyl  alcohol  (50  per  cent ) 

^--09832,      d*'         09316,      t        20°t023°,      [«]/>     "-I09I08 

d-  Galactose  Pentaacetate,  CBH700(CaH8O)B.     Glistening  rhom- 
bic plates ;  melting-point,  142°.     Right-rotating  6 

l-Galactose,     Formed  in  the  fermentation  of  *-galactose  by 

i  Schulze,  Tollens    Ann.  Chem.  (Uebig),  371,  49 

i  Jacobi    Ber  d  cliem.  Ges.,  34,  698. 

»  Jacobi ,  Ann.  Chem.  (Uebig),  373,  173. 

*  Ber,  d,  chera  Ges.,  ao,  2568 

8  Sorokin    J.  prakt.  Chem.,  [a],  37.  293  and  309 

o  Fudakowsky :  Ber.  d.  chem  Ges.,  n,  1071 
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beer  yeast.     Crystals ;  melting-point,  162°  to  163°  (not  coi 
Exhibits  multirotation. 

Water c  --  10;    [a\r>  after  8  minutes      —120° 

"     constant  -----    73.6° 

These  values  may  be  looked  upon  as  approximate  only 
the  preparation  used  was  not  sufficiently  pure.1 

SORBIN  (Sorbmose,  sorbose),  CH8OH.(CH.OH),,.C 
CH2OH.  Rhombic  crystals. 

Water £-23,          [a],      ~  46.9°  2 

"      f-    9-957,    [«]/)--  — 43-4°' 

Shows  no  birotation. 

GLUCOSE  (Glycose) 

d-Glucose  (Dextrose,  grape-sugar,  starch  sugar),  CHaO3 
(CHOH)4CHO  +  H2O.  On  the  three  modifications  of  </-glnco 
see  §72,  p.  260. 

Ordinary  Glucose.     Hydrated  :  monoclimc  crystals ;  anh 
drous .   rhombic  hemihedral.     The  constant  specific  rotatic 
of  flf-glucose  has  been  determined  by  many  observers.     Tl 
most  reliable  determinations  in  respect  to  purity  of  substan< 
as  well  as  to  accuracy  in  measurements,  are  those  of  Tollem 
and  they  have  shown  that  the  specific  rotation  increases  to  a 
appreciable  extent  with  the  percentage  amount  of  glucose 
in  the  solution.    The  increase  may  be  expressed  by  the  follov 
ing  formulas5  which  hold  from  the  weakest  to  the  strongs 
solutions 

I.  Anhydrous  Glucose,  CgH^O,,.     t  =•  17° 

O]/>  —  52.50  -f-  0.018796  p  f  o  00051683/1- 
^5955—0.12216   ^4-00005168  <7S 

II.  Hydrated  Glucose,  C0H12Oe  -f  H2O  • 

\ci\D  =  47  73  +  o  015534  p  +  0.0003883  />z 

According  to  this,  we  have  the  following  specific  rotation, 
for  solutions  containing  different  amounts  of  anhydrous  glu 
cose  • 

1  Fischer,  Hertz    Ber  d  chem  Ges  ,  35, 1247, 

-  Berthelot    Ann  chim  phys  ,  [3],  35,  222, 

*  Wehmer.  Tollens    A.nn  Chem  (I,iebig),  343,  320. 
«  Ber  d  chem  Ges  ,  0,  487,  1531 ,  17,  2234 

5  Ibid ,  17,  2238 
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P-~     S 

10 

J5 

20 

25 

30 

/>  --  52.61 

52.74 

5290 

53-oS 

53.29 

5353' 

P~    35 

40 

50 

60 

70 

80 

/>  --  53-79 

54-oS 

54-73 

5549 

5635 

51.31 

Compare  with  reference  to  this,  Ost,'  and  the  reply  of 
Tollens.2 

Solutions  freshly  prepared,  without  heat,  show  birotation 
(see  §72).  Among  the  many  experiments  on  the  change  m 
the  rotation  of  glucose,  it  will  be  sufficient  to  quote  those  of 
Parcus  and  Tollens  as  the  most  exact.'1  These  were  made 
with  glucose,  prepared  according  to  Soxhlet's  method  from 
cane-sugar,  and  dried  at  60°  to  70°. 


/  ~  20°,    c  =  9  0970 

t  =  20°,      C  =  S  5255 

Time  after  solution 

[«> 

Time  after  solution 

[«]a 

5Ys  minutes  

fi'/         "         .... 
°  /a                     

10 
12               "         . 
14 
20               " 
30               "         
50 

T  hour  .... 

105.16° 

10459 
lor  55 
10003 

97-94 
9242 
8386 
72.26 
68  27 
6333 
5971 
5249 

104  26° 
103  64 
103  or 
102.38 
lor  13 
TOO  50 
99.88 
9863 

9235 
8861 

7358 
52  60 

8        "      

Q               "           

10           "           

12           "         
I*           "         

14        "      

1C                  "             

70               "           

T>/,          "      

i  hour  ..       

6           "     constant. 

7  hours,  constant     .  • 

The  end  rotation  appears  immediately  when  the  glucose  has 
been  heated  to  melting,1  or  when  the  solution  is  heated  for 
some  time."  The  addition  of  o.  i  per  cent,  of  ammonia 
destroys  the  multirotation,1'  but  if  more  ammonia  is  added  the 
specific  rotation  is  much  decreased 


c  -  about  10,  t  20°  •  Directly  after  solution- 
After  30  minutes .  .  . 

After  iYs  hours 

After  24  houis 

i  Her  d  chew  Oes ,  34,  1641 

"  /bid  ,  34,  2000. 

•'  Ann  Chem  (Dicing),  357,  164, 

•»  Schmidt:  7/>/rf.,  119,95 

&  Hesse  •  JAttt.,  i$>3,  172. 

«  Schulae  ntid  Tollens    Mid.,  371,  49 


--  49  82° 

-  5000 

--  49  65 

---=  46.36 


Influence  of  Inactive  Substances  on  the  Rotation  of  Glucose 
Pribram1  has  determined  the  effect  of  addition  of  the  follow 
ing  substances  on  the  specific  rotation  of  glucose,  the  end 
rotation  reached  in  each  case  after  long  standing  being  finally 
measured  . 

i.  Ammonium  Carbonate. 

Solutions  which  contained  in  100  cc.  16.46  grams  of  anhy- 
drous glucose  and  p  grams  of  the  salt  gave  . 

/=    o  2  4  6  8  10 

[<*]?!=  52  83      5240      5222      51.36      5111       5085° 
There  is,  therefore,  a  slight  decrease  in  the  specific  rotation 
of  the  glucose. 

2     Urea. 

The  solutions  contained  in  100  cc  ,  15.797  grams  of  anhy- 
drous glucose  and  p  grams  of  urea  . 

P  =   o  4  8          12  16 

[«]« =  52.91        52.84       52-61        52.23       51 95° 
There  is  also  here  a  decrease  in  the  specific  rotation,  but 
it  is  slight.    According  to  Neumann  Wender,2  neither  urea  nor 
any  other  substance  in  urine  has  any  effect  on  the  rotation  of 
glucose. 

3.  Acetone. 

The  solution  contained  in  100  cc.,  15  68  grams  of  anhydrous 
glucose,  c  grams  of  acetone  and  water 

f=     o  4  8          12         16         20         24        40        50 

[«]S  =  53.89     5329     5363     5394     5423    5453    54  81    56.19    57  03° 

The  specific  rotation  of  glucose  increases  in  rather  marked 
degree  with  increase  m  the  acetone  content  of  the  solutions. 

Alkalies  and  also  lime  bring  about  a  gradual  decrease  in  the 
rotation,  and  its  final  disappearance  by  decomposition  and 
production  of  salts  of  sacchannic  acid  (left-rotating),  glucinic 
acid,  and  humus-like  bodies. 

Derivatives  of  oT-Glucose 
Glucoseamme  Hydrochloride, CH2. OH(CH. OH) ,. CH (NHa) 

1  Sitzungsber  d  Wien  Akad ,  p7,  II 373 
-  Ber  d  chem  Ges ,  34,  2200 
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COH,HC1,     Monosymmetric  crystals,     From  lobster  shells. 

Water  .......  P      s-iSK.    df      1.01865,    /      ao,    [«]/»•    +  74-64°  j1 

"    .......  />      3.593.       "       1.00853,    /      ao,        "          \-  70.61    ) 

Ghtfoseamine    Hvdwbwmidf,    CflII,aNOs.HBr.      Monosym- 
metric  crystals. 

Water  ...........  />      22  555,    </;•      i  .  1  146,    t  *-  ao0,     [<r]  /»  --  59-37° 

"    .  ..........  /»      12.505,      "       1.0601,    /~-ao,         "        59.63 

t      2t>»         "         60.33 


The  specific  rotation  increases  therefore  with  the  dilution 
according  to  the  formula : 

M"      55-31    I  i>-»53'/- 

Glitcosfo\imel   CJl^O^NOII.      Colorless  prisms;   melting- 
point,  136°  to  137°  ;''  135°.'    Shows  in ultirolalion. 

Water ^     9.367,    d     1.0295,    /     20° 

[n]j<  ufU'i  15  immiU's . 5.5 

"     tS  hours,  constant 2.3 

G/vetM  Trisulphitt  if  At  Mt  0,1  !„( ),,( I  ISO, ) ,. 

W.tU-i /       ii,     [(»!/•        I   43  2°  " 

(r/unue     Tefta\H//>Jiur/t      It  it/    C/tfot/tft',    C,,II,()C1 
Square  prisms. 

Wau-t t      4.4,    («>!/'       1  7J.H"  • 

.  Icctoi/ifathyJnw      ( ( »lucose-monochloi  hyclrin-tetiucetate) , 
C,H7(  0,11,0 )",(),  01. 


Ht  (  (  llucost;  tetnicetak'-inonoiiituite)  ,0al  IT(  C.,1  !,()),. 
N(),.OS.     Ciystuls  ,  mdtinK-point,  1  15°. 

!'«!•      I  '5«jMB 

Ottatetyl  J)ij>litt0M\  C.^l.^CJIaO)^),,. 
I.  Crystals;  nifltin^-point,  39°  to  40" 

\Vut««r  .....  /      rfi"  to  17",    I  "  ]/•        I  54  6J°  lu 

»  WrKwtivMri     \\v\  «l  flwm.  «'.«*,  19,  SJ 
'<<  Tirmunu,  l<RU<luH    /f>nt  .  19,  i^. 


i  tl. 
*«/  ,  34*  '"J7- 
J  jiuvkt  Chem.,  [j),  ao, 


"  Collt-y:  Cornet,  tt'iul,,  7«,<(iu, 

»  c»»ll«y    AW.,  y«,  4V« 

«"  Demolf  •  Her,  <l  t'lifm.  J'.wi.,  I  a,  J«wf 
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II.  Cauliflower-like  groups  (from  ether)  ;  melting-point, 
128°  to  133°. 

Benzene    c --  2.415,     [<J/>  ---  |   22,50°  l 

Glucose  PhcnylhydrasonC)  C,,H,206 ( NaH .  C6H8) . 

Exists  in  two  isomeric  forms  ;  the  pure  white  crystals  only, 
with  melting-point  11310  115,  were  investigated  optically. 
They  show  strong  multirotation. 

p        9.l8l,      df        T.0257,      /         20° 

[ctrl/>  after  10  minutes 15.3° 

11       "    12  to  15  hours,  constant.  46.9 

The  multirotation  is  not  due  to  the  fact  that  the  substance 
had  passed  into  the  isomeric  modification,  because  the  crystals 
again  obtained  from  the  solution  melt  at  ri^V 

Glucose  Anilide,  C^nOg.HN.C,,!-!.,.  vSheaves  of  needles; 
melting-point  about  147°. 

Methyl  alcohol  (rf*      o. 7907 ) : 

^-5029,    df    -0.8065,    /      20°  to  23°,     [>]/>  48.32° 

P  ---  3.326,       "  .  0.8055,    t      20°  to  23°,         "  49.15 

Ethyl  alcohol  of  90  vol.  pei  cent,  (d™     0.8294): 

P    -4-697.    rff- 08453,    t      20°  to  23°,     [«]/)  44.08°  |  ' 

p    -3.269,       "    -0.8407,    /      20°  to  23°,        "  44.15    J" 

Glucose  Paratoluide,  C,,HuOft.HN. ( CH^C,,!-!,  +  7,Ha(>.  Crys- 
tals ;  melting-point,  106°. 

Methyl  alcohol  (as  above)  : 

p       7.879.    d™  -   o  8243,    t      22°  to  26°,     L'l"]/'  43-BN0 

p^    4.082,       "      0.8061,    t      22°  to  26°,         "  47.55 

p    -    2.613,          "  -      0.8007,      t         22°  to  26°,  "  38.33 

Ethyl  alcohol  (as  above)  • 
p      6658,    df     0.8513,    t      22°  to  26°,     [a]/,          38.80° 

Glucose  Ethylmcrcaptal,  CflHiaO.)(SCllH5)a.     Crystals. 
Water..../"      4.878,    d*      1.002,    /      50°,     C<v]/,  29.8°' 

/-GLUCOSE;. 

From  /-gluconic  acid  anhydride.  Crystals  ;  melting-point, 
141°  to  143°. 


i  ITerzfelcl,  Ami.  Chain  (I^ieWfi;),  aao,  319. 

8  Jacobi :  Ibid ,  a<ja,  171. 

•i  Soiokin  •  J  prakt.  Cliem  ,  [a],  37,  295. 

*  Sorokm  :  fbitl ,  [a],  37,  308. 

6  Fischer    Ber  d.cheni,  OeH.,  37,  675. 
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Water  ..........................  /      4«"4,    df      *.°*6,    t-      flo0!1 

[«]/>  after  7  minutes  .............................  .  .......  94,5  i 

"      "    7  hours,  constant  .............  .  ........  •  ......  5MJ 

MANNO&K  (Scminose),  CH,()H.(CH.OH)+.CHC).a 
d-Mannosc, 

I.  From  mannitol  by  oxidation.     Crystals. 

Watei  ......  />      about  10,    rf*      1  0416,  /      20°,     L<1']»        I   12.960-1 

II.  From  init  shells  : 

Water  .........  t'      about  to,    /      20°,     [<i]/>        |    14.36° 

The  {-.mall  difference  is  due  to  the  amorphous  nature  of  the 
latter  product.* 

d-Afannost'  O  \inie,  C,,H,.,C)ft:N()H,  Crystals;  melting-point 
176°  ;fl  176°  to  i«4°  (not  constant).11 

Kxhibits  multirotation.  On  account  of  the  difficult  solu- 
bility, a  5  per  cent  solution  only  could  be  investigated. 

Wau-i       .................    />      4798,    (/      t.or6,    /      20° 

[ci]/i  after  io  mmnles  ....................         |   7.5 

"       "        ft  houis,  constant    ..  .       .     .          |   ^.z 


I- jl  fan  now.     From     /-mannonic     acid     anhydiiclc. 
In  aqueous  solution  rotates  to  the  left." 

The  phenylhydra/one,  melting-point  195°,  isnght- 
111  hydrochloiic  acid  solution  ;  the  phenylglucosa/one,  melting- 
point  205°,  is  strongly  right-rotating  in  glacial  acetic  acid 
solution." 

RHAMNOIIKXOSK,     Methylhexose,    CII,.(CH()H  ),.CIIO 
C,HUO(1    Fiom  rhamnohexonic  acid.     Crystals  ;  melting-point, 
1 80°  to  181"      Shows  strong  multirotation 

Watei />      y.6?5i     d ,"      '  "347i     /       Jo0]1" 

Aflei  ',n  hour [<tj/'  **2.y 

AfU»r  ra  hours,   oon.stant.. "  61.4 

Dei  it  I'luMii  ('•<«<,  aj,  a<ns 
//</(/.,  aa,  tiss 


•i  l-'iuclit-r  nnd  Iliiwlibeigei     /fmf,,  »», 
"  KeiHH.  //'/i/.,  aa,  611. 
11  Fiwhrr  tttitl  IlirwliltrrKi'r    /t>nf  ,  »», 
"  Jttt?oltl  ,  //i/i/  ,  34,  <iys 


,  IMltity.  Hci  <1.  clu-iu  (ieH.  33, 
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CH2OH.  (CH.OH)5.CHO  =  C7HuOr 
From  a-glucoheptonic  acid.  Rhombic  plates  ;  melting-point; 
180°  to  190°.  Shows  weak  birotation.  For  a  solution  made 
by  gently  warming  with  water,  £  =  10,  t  =  20°,  [<*]/>  =  — 
19.7°  at  once,  and  after  fifteen  minutes  with  greater  dilution 
IXU  =  ~  250.1 
fi-Glucoheptose,  not  yet  investigated. 

rf-MANNOHEPToSE,  CjHuO7  (at  104°).  Crystals;  melting- 
point,  134°  to  135°  (notcorr.).  From  ^-inannoheptonic  acid. 
Exhibits  multirotation 

Water  ................    ^  =  10.807,    a?J°=  1.0397,    t  —  2o° 

After  10  minutes  ....................   [a]/j  =  -|-  85.05 

After  24  hours,  constant  .............          "   =  +  68  64 

l-Mannoheptose,  from  /-mannoheptonic  acid,  could  not  be  ob- 
tained in  a  crystalline  condition,  but  is  characterized  by  its 
phenylhydrazone,  melting  at  196°,  with  complete  decom- 
position.1 

/?-GAI,AHEPTOSE,  CTHUOT.  Melting-point,  190°  to  194°. 
Shows  multirotation. 

Water  ......  p  =  9  2,  10  minutes  after  solution  [a]^  =  —  22.5° 

After  24  hours  [a]  3°  =  —  54  4°  4 

RHAMNOHEPTOSE,    C8Hi0OT      From  rhamnoheptonic   acid. 
Water  .....     c  =  9  40,    t  =  20°,     \OC\D  =  +  84°  (about) 

<of-Gi,ucoocTosE,  CBH16O8  -f  2H2O.  From  or-glucooctonic 
acid.  Needles  ;  melting-point,  93°  (uncorr.)  Shows  multi- 
rotation. 

Water  ........  ^  =  6496,    d  =  I  0213,     t  —  20°  B 

Hydrated         Anhydrous 
After  a  shoit  time  ......   [a]zj  =  —  61.5°  —70.8° 

After  6  hours,   constant        .        "  —  —  43.9  —  50.5 

^-MANNOOCTOSE,  C8H1008.  From  df-rnannooctonic  acid. 
Colorless  sirup. 

)  =  —  3-3°  8 


1  Fischer    Ann.  Chem  (I^iebig),  370,  64 

*  Fischer,  Passmore    Ber  d  chem  Ges ,  33,  2228 
8  Smith    Ann  Chem  {Z,iebig),  373,  183. 

*  Fischer    Jdzd.,  388, 155 
6  Fischer    Ibid ,  370,  64 

°  Fischer,  Passmore    Ber  d  chem  Ges ,  33,  2234 
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GAivAOCTOSE,  C8H16O8  +  HaO.  From  galaoctomc  acid  lac- 
tone.  Thin  plates,  melting-point,  109°  to  111°. 

[«>  >  -  40°  l 

^-MANNONONOSE,  C9H18O9.  From  af-mannononomc  acid. 
Crystals  ;  melting-point  about  130°. 

[«]£  (appro*  )  -=  +  50.0°  * 

17.  Oxyketones.    Ketoses 

af-FRUCToss,  levulose,  fruit-sugar,  CH2OH.(CH.OH),.CO. 
CH2OH  =  CnHjjjO,,.  This  body  shows  left  rotation  in  aqueous 
solution,  which,  as  first  shown  by  Dubrunfaut,8  decreases 
rapidly  with  elevation  of  temperature.  Besides  this,  the  freshly 
dissolved  fructose  shows  multirotation  (§72).  The  numerical 
data  given  below  hold  for  the  constant  end  rotation. 

On  the  production  of  pure  levulose  from  inulin,  see  Wohl/ 

Earlier  investigations  by  Herzfeld,5  Winter,6  Herzfeld  and 

Winter7  gave  specific  rotations  which,  for  example,  for/  = 

20°    and    t=2o°,    varied   between    [ai]a—  —  7059°    and 

-71.47° 

The  following  observers  found  a  much  higher  value 
i    Honig  and  Jesser  H    They  give  the  formulas 

a.  For  the  influence  of  temperature  : 

For/»---    9,       fa]',,  -  -  10392+0671^,    for  t  =  13°  to 40° 
"/>  =  235,        "     -  —  107  65  +  o  692  /,      "  /  :=  9°  to  45°  , 

b.  For  the  effect  of  the  percentage  amount  of  water  q  in  the 
solution, 

[a]*°  -    -  1 13  96  -|   o  258  q,     for  q  — -  60  to  95  per  cent. , 

from  which  follows 

For  loo  -  q  -p—         5  lo  20  30  40 

[a]™  =.     -89.42    —90.72    —933°    —95-88    —98.47° 

According  to  Honig  and  Jesser,  the  lower  values  of  Herz- 
feld depend  on  this,  that  in  the  conversion  of  inulin  into  sugar 

i  Fischer.  Ann  Chem  (Iviebig),  a88,  150 

<  Fischer,  Passmore 

•i  Corapt  rend  ,  49,  901 

*  Ber  d  cheui.  Cies  ,  33,  2107. 

o  Ann.  Chem.  (lyiebig),  344,  287. 

o  fbtd  ,  344,  300. 

t  Ber  d,  chetn.  Ges.,  19,  393 

«  Ztschr.  fiir  Riibenzitcker-Ind.,  (1888),  p.  1028. 
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y"-o9 

-    82.53 

dextrines  are  always  formed  which,  by  the  method  of  puri- 
fication with  ether-alcohol  employed  by  the  latter,  cannot  be 
completely  removed. 

2.  Jungfleisch  and  Grimbert1  combine  the  following  deter- 
minations, made  for  different  concentrations  and  temperatures : 


Iff]/.. 

91.55 
-  92.72 

95.30 
97.07 


under  the  general  fonnttla  . 

[#]'/,-   —[101.38    -0.56/1  |  0.108  ((      io)]. 
Ost2  investigated  fifteen  solutions,  the  strength  of  which 
varied  between  i  and  30  per  cent,  of  levulose,  at  20°,  and  cal- 
culated this  formula . 

[*]?/---      (91-9°  I  om/») 

4.  Parcus  and  Tollens"  found 

for/  -    to,     t       20°,     [rr|/>  921092.5° 

5.  Wohl  found1 

for/*  -|-  10. 17  or  c  —  10.57,    /       20°,     [«•]/>  91.8° 

According  to  the  above  five  observers,  the  specific  rotation 
of  a  10  per  cent,  solution  at  the  temperature  of  observation 
varies  between  [a]/,-  --  90.2°  and  93°. 

In  alcoholic  solution,  levulose  has  about  two-thirds  the 
rotation  shown  in  water. 

With  reference  to  the  multirotation,  or  decrease  in  the  rota- 
tion of  freshly  prepared  solutions,  we  have  the  following  ob- 
servations : 

i .  Parcus  and  Tollens  :r> 

1  Compt.  reiul ,  107,  390. 

-  Bei.  d.  chem  Ges  ,  34,  1636, 

3  Ann.  Chem.  (Iyieblg),  357,  160. 

4  Bet.  d.  chem.  Ges.,  93,  9090. 

0  Ann,  Chem  (Metdg),  357,     6. 
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c  =-.  10,    t  -----  20°,    First  rotation  after  6  min  [a]/>  --  —  104.0° 
End  rotation    "25    "        "    =  —  92.3 
and  i  hour  [or]/j  —  —  92  i 

2.  Schulze  and  Tollens  l 

c  =  io,    t  =  20°,     First  rotation  after  15  mm.  [a]/)  =  —  92.3° 
End  rotation      "    20  hours    "    =  —  90^9 

111  o.  i  per  cent,  ammonia  the  constant  end  rotation  is  reached 
in  five  minutes. 

3  Jungfleisch  and  Grimbert2  give,  among  others,  the  fol- 
lowing observations 

c  -  1.779,    t  =  8"  c  —  g  75,    /  ==>  7" 

After  10  min   [or]/)  —  —  106  02°  After   35  mm.  [or]/)  -=  —  97  33°' 

"    20    "        "    =-   9932  "     55    "        "    =  —  96.11 

"    45     "        "     --=-   93.83  "      75     "         "    =-95" 

»      go      "  ««      -    _     9200  "      105      "  "      =  —  9477 

If  the  levulose  solution  in  water  is  heated,  a  further  gradual 
reduction  takes  place  according  to  Jungfleisch  and  Griinbert, 
and  to  avoid  this,  the  temperature  should  not  go  above  40°. 
But  Osta  did  not  observe  this  decrease. 

According  to  their  strength,  acids  affect  the  specific  rotation 
of  levulose  in  different  ways  (Dubrunfaut,  Jungfleisch  and 
Grimbert,  Ost) 

I/evulose  anilide  is  characterised  by  a  very  high  rotation 
Sorokin4  found 

In  ethyl  alcohol  />--- o  71 2 [<*]/;=  —  215.7° 

"       />--2or6      "    =-  — 1855 

In  methyl  alcohol  p  --  i  436 "    =•=  —  181.5 

18.  Invert  Sugar 

The  rotating  power  of  the  invert  sugar  solutions  obtained  by 
the  action  of  acids  on  cane-sugar  solutions  has  been  investi- 
gated mainly  by  Gubbe/1  Ost,"  Wohl,7  and  others.  AsGubbe, 
and  later  Ost  found,  the  in  version  is  most  conveniently  accom- 
plished by  heating  100  parts  of  cane-sugar  with  i  part  of  oxalic 

i  Ann.  Chcm.  (I^ielng),  371,  53. 
-  Compt  rend  ,  107,  390. 
:i  Ber.  d.  chem  Ges ,  34,  1643 
<  J  prakt  Chem,  [a],  37, 195 
°  Ber  d  chem  Ges ,  18,  2207 
« Ibidn  24,  1640 
'  /*>rf.,  33,  2087 


592 


CONSTANTS  OF  ROTATION  OP  ACTIVE  BODIES 


acid,  in  aqueous  solution,  for  several  hours  to  50°  or  60°.  No 
modification  of  the  rotation  of  the  invert  sugar  takes  place 
here  as  is  the  case  on  heating  with  hydrochloric  or  sulphuric 
acid. 

The  rotation  of  this  sugar  mixture  is  subject  to  many 
changes,  and  the  following  conditions  have  especial  influence. 

a.  Concentration. — From  careful  experiments,  Gubbe  de- 
duces the  following  formulas,  based  on  a  temperature  of  20°  : 

(I)  [a]™  =  —  19.447  —  O  06068^  +  0.000221  f 

(II)  "    =  —  23  305  —  0.01649  q  +  0.000221  <7a, 

holding  for/  =  9  to  68,  or  q  =  32  to  91  ; 

(III)  [«]•»  =r  —  I9  657  —  O  0361  C, 

holding  for  c  up  to  35. 
Ost  gives  the  expression 

[a]=°  =  —  19  82  —  0.04  p, 

holding  for/  =  2  to  30. 

d.  Temperature. — This  formula  was  given  byTuchschmidt,1 
for  c  =  17.21  and  t  =  5  to  35, 

[a]^  =  —  27.9  +  o  32  t 

Lippmann  found  nearly  the  same  in  a  series  of  experiments 
extending  to  t  =  80  V 

More  accurate  formulas  deduced  by  Gubbe  from  his  experi- 
ments are  these 
(IV)  For  £  —  o°  to  30°  [a\fD  —  |>]=°  +o  3041  (/  —  20)  +  o  00165  (t  —  2o)2 

(V)        "^20°"IOO°        "=        "      +0.3246(^—20)—  0.00021  (*  — 20)* 

If  we  calculate  the  values  for  different  percentage  strengths 
and  temperatures  of  invert  sugar  solutions  according  to  Gubbe' s 
formulas,  I  and  IV,  we  obtain  this  table 


c  =  5 

c  =  ro      |     c  —  15 

C  =  2o 

<  =  25 

c  =  3° 

rtfor 

*  =  56 

—  2403 

—  24  21 

—  24.39 

—  24.58 

—  34  75 

—  2493 

' 

10 

—  22  72 

—  22.90 

—  2308 

—  23.26 

—  2344 

—  23.62 

I.3I 

IS 

—  21  32 

—  21.50 

—  21.68 

—  21.86 

—  22.04 

—  22  22 

I  40 

20 

—  1984 

—  20.O2 

—  20.20 

—  2038 

•—  20.56 

—  2074 

25 

—  18  28 

—  1846 

—  1864 

—  18.82 

—  19.00 

—  I9.I8 

I.5& 

3° 

—  16  63 

—  16.81 

—  1699 

-  17.17 

-  17.35 

.—  J7-53 

1.05 

a  for") 
c  =  S) 


0.18 


0.18 


o.r8 


0,18 


0.18 


*  J  pralct  Clicm  ,  [2],  a,  335 

a  Ztschr  fur  Riibenzuclcer-Ind.,  4,  303, 
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As  the  rotation  of  invert  sugar  solutions  decreases  with  tem- 
perature elevation,  it  must  follow  that  it  becomes  o  at  some 
definite  temperature  and  changes  to  right  rotation  at  a  still 
higher  heat.  This  temperature  of  inactivity  is  87.2°  accord- 
ing to  Tuchschmidt,  and  87.8°  according  to  I,ippmann. 

For  solutions  inverted  with  oxalic  acid,  Gubbe  found  these 
temperatures . 

79.39°  (c  —  10),        80  43°  (c  --=  20),        81  47°  (e  =  30)      ' 

The  decrease  and  final  change  in  direction  of  rotation  is  ex- 
plained by  the  fact  that  the  rotating  power  of  levulose  dimin- 
ishes rapidly  with  increasing  temperature,  while  that  of  dex- 
trose is  but  slightly  changed. 

c.  Presence  of  Acids. — That  the  specific  rotation  of  invert 
sugar  solutions  made  from  cane-sugar  suffers  a  change  by 
reason  of  different  amounts  of  acids  employed  was  shown  first 
by  Dubrunfaut,1  and  later  by   Gubbe.2      According  to   the 
experiments  of  the  latter,  hydrochloric  and  sulphuric  acids 
produce  an  increase  in  the  specific  rotation,  which,  for  solu- 
tions containing  10  parts  of  invert  sugar  in  100  parts  of  water 
and    J    parts    of  acid,  may  be  expressed    by    the  following 
formulas 

Sulphuric  acid .   .   [ar]$f  =  —  ( 19  983  +  0.1698  s]  holding  for  s  --  o  i  to  5 
Hydrochloric  acid      "      -  —  (19  995  +  o  3262  s)        "        "  s  —  o  i  to  3 

If,  however,  cane-sugar  is  inverted  with  different  amounts 
of  oxalic  acid  (o  i  to  4  3  parts  for  10  parts  of  invert  sugar  and 
100  parts  of  water),  the  specific  rotation  remains  constant. 

If  an  invert  sugar  solution  is  warmed  with  hydrochloric  acid 
and  then  diluted,  the  liquid  does  not  assume  the  proper  end 
rotation  corresponding  to  the  dilution  until  after  about  twenty- 
four  hours." 

d.  Temperature  of  Inversion. — Invert  sugar  solutions   made 
by  action  of  mineral  acids  on  cane-sugar  solutions,  with  appli- 
cation of  heat,  suffer  a  decrease  in  the  rotation  if  the  heating  is 
increased  or  long-continued. 

There  are  no  accurate  experiments  on  this,  but  only  occa- 

i  Compt  rend  ,  23,  38 

a  Her  d  cheni  Ge<3 ,  18,  2210 

a  Gubbe  ,  Ibid ,  18,  2211 ,  Wohl   Ibid ,  23,  2087 
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sional  statements.  According  to  Herzfeld,1  if  a  solution  con- 
taining 13.024  grams  of  cane-sugar  in  50  cc.  of  water  is  warmed 
with.  5  cc.  of  38  per  cent,  hydrochloric  acid  to  69°,  the  inver- 
sion is  complete  in  seven  minutes,  and  in  fifteen  minutes,  a 
decrease  in  the  rotation  has  already  begun.  Under  the  same 
conditions,  but  employing  75  cc  of  water,  the  maximum  rota- 
tion is  again  reached  in  seven  minutes  and  the  decrease 
begins  in  twenty  minutes  Wohl2  also  found  that  when 
invert  sugar  solutions  are  warmed  with  hydrochloric  acid 
for  some  time,  the  left  rotation  as  well  as  the  copper  oxide  re- 
ducmg-power  decreases  more  and  more,  because  dextrine-like 
products  are  formed  from  the  levulo&e. 

In  general,  the  velocity  of  inversion  increases  rapidly  with 
the  temperature,  and  for  all  acids  In  addition,  when  strong 
acids  are  used,  it  is  increased  by  the  presence  of  neutral  salts  of 
the  same  acids,  which  action,  however,  diminishes  with  ele- 
vation of  temperature. " 

e.  Formation  of  Dehydration  Ptoducts — If  acid- free  invert 
sugar  solutions  are  evaporated  in  vacua  to  a  sirup,  dehydration 
compounds  (right-rotating  levulosau)  are  formed,  and  on  re- 
solution a  much  weaker  left  rotation,  or  even  a  right  rotation, 
is  found  On  standing  several  hours  in  the  cold  or  after  heat- 
ing a  short  time  to  67°  to  70°  with  addition  of  hydrochloric 
acid,  the  normal  rotation  returns  ' 

b.  Behawor  of  Inactive  Bodies. — Alcohol  greatly  decreases 
the  left  rotation  of  invert  sugar,  and  on  warming,  right  rota- 
tion may  appear."'  According  to  I/andolt/'  a  solution  of  20 
grams  of  invert  sugar  in  15  cc.  of  water  and  diluted  with  abso- 
lute alcohol  to  100  cc.  is  inactive  at  38°,  and  rotates  above 
this  temperature  to  the  right,  and  below  it  to  the  left.  Accord- 
ing to  Horsin-De'on,  anhydrous  invert  sugar  dissolved  in  abso- 
lute alcohol  shows  no  rotation,  but  becomes  left-rotating  on 
addition  of  water. 

1  Ztschr  fur  Rubenzucker-Iud  (iS88),p  707 
i         -  Her.  d  client  Ges  ,  33,  2096 

1  Spohr    J  prakt  Chem  ,  [2],  3a,  32  ' 

*  Degener    Ztschr    fur  Rfaben^ucker-Ind  (1886),  p.  344;   Her/feld    Ibid    (1887), 
p    908 

B  Jodin    Compt  rend  ,  58,  613 
"  Ber  d  cheni  Ges  ,  13,  2335 
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I4me  produces  a  decrease  in  the  left  rotation.1 

Basic  lead  acetate  added  m  increasing  amounts  to  an  invert 

Migar  solution  decreases  the  left  rotation,  and  converts  it  into 

increasing  right  rotation.2 
On  employing  a  basic  lead  acetate  solution  of  1.222  sp.  gr., 

Bittmann'1  found  these  deviations  in  the  Ventzke  saccharimeter. 


Invert  sugar 
solution 
cc 

Water 
cc 

Basic  lead 
acetate 
cc. 

Ventzke 
degrees 

So 

50 

.. 

—  2.3° 

5° 

40 

10 

—  I.o 

So 

3° 

20 

+  3-7 

50 

IO 

40 

+  75 

10 

40 

—  2.2° 

10 

3° 

IO 

+  i-5 

10 

. 

40 

+  64 

5 

5 

40 

+  76 

Invert  sugar 
solution 
cc 

Alcohol        I 
cc             ' 

Basic  lead 
acetate 
cc 

Ventzke 
degrees 

lo 

40 

-04° 

IO 

3" 

IO 

-f  40 

IO 

20             , 

20 

H-6.9 

5 

45         i 

-  04° 

5 

35 

10 

|   86 

Composition  of  Invert  Sugar  — For  a  long  time  it  has  been 
assumed  that  invert  sugar  is  a  mixture  of  equal  parts  of  dex- 
trose and  levulose,  but  it  is  only  recently  that  the  correctness 
of  this  assumption  has  been  shown  by  Honig'  and  Jesser,  which 
they  did  by  proving  that  the  arithmetical  mean  of  the  specific 
rotations  of  the  two  components  coincides  with  the  specific 
rotation  of  invert-sugar.  This  proof  was  never  successful 
before,  because  sufficient  knowledge  of  the  numerical  data 

1  Jodin   Loc.  ctt 

a  C.  Haughtou  Gill :  J  Cliem  Soc  ,  34.  9'- 
-I  JStschr  fUr  Rubeimicteer-Ind.,  (1880),  p  876 
*  /<4zrf.,  (1888),  p  1037. 
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in  question  was  lacking.     These  data  are  given  by  the  follow- 
ing formulas  : 

Dextrose [a]*°  =  +  52.50    +00188  p -\-  0.000517  p* 1 

Levulose "    =  —  8813    —0.2583  p  z 

Invert  sugar "    =  —  19  447  —  o  06068^  +  0.000221  j?  8 

If  now  the  specific  rotations  of  these  sugars  for  different 
strengths,  p,  be  calculated,  we  have  from  the  above  formulas : 


P 

Dextrose 

lyevulose 

Arithmetical 
mean 

Invert-sugar 

Difference 

2q 

+  53-08 

—  9330 

—  20  II 

—  2057 

+  0.46 

25 

+  53-29 

—  94-59 

—  20.65 

—  20.83 

-|-  0  18 

30 

+  53-53 

-9588 

—  2I.I8 

—  2I.O7 

—  0  II 

35 

+  5379 

—  9717 

—  21  69 

—  21  30 

—  039 

The  same  calculation  has  been  carried  out  by  Ost  * 
The  agreement  with  observation  confirms  the  above  assump- 
tion  fully  and  an  earlier  suggestion  of  Winter6  that  invert 
sugar  may  be  made  up  of  4  parts  of  levulose  and  3  parts  of 
dextrose  is  evidently  in  error. 

19.  Disaccharides  (Saccharoses,  Bioses) 
CANE-SUGAR,  C12H22OU.     Right-rotating. 
For  the  relation  of  the  specific  rotation  of  the  sugar  in 
aqueous  solution  to 

1.  The  percentage  amount^  of  sugar, 

2 .  The  percentage  amount  q  of  water, 

3.  The  concentration  c,  or  grams  of  sugar  in  100  cc.,  the 
following  formulas  have  been  given,  based  on  accurate  obser- 
vations 

I.  By  Tollens.6    Calculated  from  19  solutions, 
i.  Specific  gravity  of  the  solutions  at  17.5°,  referred  to  water 
at  4°.     Rotation  at  20°  : 

(p  =  4  to  18,  [a]/)  =  66.810  —  0.015553 p  —  o  0452462^  T 
\q  =  82  to  96,       "   =  64  730  +  0.026045  q  —o  0^2462  g* 
^    (p  =  18  to  69,       "   =  66.386  +  o  015035  p  —  0.033986  p* 
"  \q  ==  3  r  to  82,      "  =  63  904  +  0.064686  (7  —  o  033986  f 

1  Tollens. 

•*  Hdmg  and  Jesser 

3  Gubbe 

4  Ber  d  chem  Ges ,  24,  1640 

&  Ann  Chem.  (I<lebig),  244,  295  and  329 
8  Ber  d  chem  Ges  ,  10,  1403 
T  o  0452462  =  o  000052462,  etc 
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I^ater,  Tollens1  found  that  the  formulas  b  satisfy  dilute  solu- 
tions also,  down  to/  =  i  even. 

2.  Specific  gravity  of  solutions  at  17.5°  referred  to  water  at 
17.5°  Rotations  at  20°. 

From  the  same  experiments  as  under  i  there  follows  for/. 
a1,  p  =   4  to  18,     [«]/j  =  66  727  —  0.015534^  —  0.0^52396 p 
b'.  p  —  18  to  69,        "     =66303  —0015016^  —  o.0j398i  $* 

By  another  method  of  calculation,  Thomsen2  obtained  from 
the  observations  of  Tollens  these  expressions  in  place  of  those 
given  under  b  above, 

frf  [P  —  l8  to  69>     [«]/>  -  66-S77  +  0.007466;*  —  0.0831339 /* 
'  \9  —  31  to  82,        "   -  64  190  +  0.055212  q  —  0.0831339  ?a, 

which  agree  well  with  the  Schmitz  formulas  given  below  under 
IL,  i. 

II.  Schmitz''  gives  these  formulas  deduced  from  eight  solu- 
tions (see  §54,  p.  195) 

1.  Specific  gravity  of  the  solutions  at  20°  referred  to  water 
at  4°.     Rotations  at  20°. 

p  =    5  to  65,     [«]/>      66  510  +  o  004508;*  —  o  0328052  p 
<I      35  to  95,        "        64.156 -f  0051596?-— 00,28052  ^ 

2.  For    the    concentration    at    20°    Schmitz    gives    these 
formulas 

i  10  to  86,  [<r]/i  66  453  o  001236  c  —  o  05,11704  & 
c  2  5  to  28,  "  66  639  —  o  020820  c  -\-  o  0,34603  & 
c  251028,  "  66.541  —  0.008415  c 

lyandolt'  has  calculated  these  approximate  expressions  from 
the  observations  of  Tollens  amd  Schmitz,  showing  the  relation 
of  the  specific  rotation  and  concentration  of  solutions  • 
c       4  5  to  27  7,     [a]}°      -  66  67  —  o  0095  c  (true  cc  ) 
c      4  5  to  27  7,     [fv]}?5      66.82  —  o  0096  c  (Mohr's  cc  ) 

III.  The  latest  experiments  have  been  carried  out  by  Nasmi 
and  Villavecchia/1    These  formulas  follow  from  twelve  series 
of  observations  with  different  sugars 

P        3  to  65,     [a]}"  66  438  +  0.010312^  -  Q.0,,35449/* 
q     ^35  to  97,         "  63  924  +  0.060586  q  —  o.o,,35449  f 

•  Her.  d.  chem  Ges.,  17,  1751 
i  Jbid  ,  14,  1652 

11  Ibid.,  10,  1414. 

*  16ut ,  a  i,  196. 

«  Public,  de  lab  chini.  ceutr  delle  gabclle,  Roma  (:89i),  p'47- 
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If  we  combine  now  the  results  which  the  different  formulas 
give  for  a  number  of  different  percentage  amounts  of  sugar,  we 
find  these  variations : 


Formula                        p  — 

10 

20 

30. 

40. 

5° 

66  6s 

66  48 

66  in 

66  10 

fie  on 

66  10 

66  si 

66  48 

66  ^ 

66  14 

Ib".   Tollens-Thomsen  

6662 
66  « 

00  53 
6660 
66  49 

66.52 
66  40 

6637 
66  24 

6617 
66  03 

Ill        Nasini  and  Villavecchia 

6651 

66.50 

66.43 

6628 

66.07 

It  is  seen  that  the  values  given  by  the  last  two  formulas  fur- 
nish the  closest  agreement. 

With  reference  to  the  specific  rotation  of  cane-sugar  in  very 
dilute  solutions,  see  the  observations  given  already  in  §55. 

For  the  rotation  of  different  rays  of  light  by  cane-sugar,  see 
"Rotation  Dispersion,"  §45. 

Influence  of  temperature.  This  was  formerly  held  by  Mit- 
scherlich,1  Hesse/  also  Tuchschmidt'1  to  be  extremely  small. 
Andrews4  was  the  first  to  show  that  the  specific  rotation  of 
sugar  decreases  with  elevation  of  temperature  and  to  the  extent 
of  00114  for  r°  C.  According  to  new  experiments  which 
Schbnrock'"'  has  carried  out,  using  ten  sugar  solutions,  the  tem- 
perature coefficient  lies  between  00132  and  0.0151  This 
formula  may  be  used  to  calculate  the  specific  rotation  of  solu- 
tions of  about  24  per  cent,  strength,  for  a  temperature  differ- 
ent from  20°,  between  the  limits,  12°  and  25°. 


—  °  OI44 


20) 


Recently  Wiley1'  has  reinvestigated  the  subject  with  extreme 
care  and  has  found  a  value  lower  than  those  given  above. 
The  coefficient  as  given  by  him  is  0.00994  as  t^6  nieau  change 
in  the  specific  rotation  for  each  degree  centigrade. 

In  the  paper  by  Andrews,  the  value  is  given  in  one  place  as 

i  Ber  d  Berl  Akad  ,  (1842),  p.  150 

*  Ann  Chem   (I^iebijf),  176,  97 
3  j  prakt  Chem  ,  [2],  a,  244 

*  Technology  Quarterly,  May  (1889),  p  367  ,  Chem.  Centrbl  ,  (1890),  I,  p  20. 

5  Ber.  der  phys.-techn  Reichsanstalt  von  1896,  Ztschr  ffar  lustrum,,  17,  iHo. 

*  J  A.m  Chem  Soc  ,  31,  568  (1899). 
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0.000114.     But  the  context  shows  that  this  is  a  typographical 
error  for  0.0114. 

On  the  specific  rotation  of  cane-sugar  in  mixtures  of  water 
with  acetone,  methyl  alcohol,  and  ethyl  alcohol,  see  §59. 
According  to  Seyffart,1  sugar  retains  the  same  specific  rotation 
when  dissolved  to  the  extent  of  5  to  40  grams  in  100  cc.  of 
alcohol  of  9°  to  90°.  2 

The  changes  shown  in  the  specific  rotation  of  cane-sugar  in 
presence  of  alkalies  and  salts  have  been  explained  already  in 
$70. 


Lactose,  I,actobiose.     Anhydrous,  C12H2!!On, 
hydrated,  CltHMO10  -f  H8O. 

As  already  shown  in  the  chapter  on  multirotation,  §72,  this 
sugar  is  found  in  three  modifications,  of  which  a  and  y  in 
aqueous  solution  pass  slowly  into  ft  at  the  ordinary  temper- 
ature, but  rapidly  on  warming.  The  tf-form  exhibits  greater 
rotation  (birotation),  and  the  /-form  less  rotation  (half 
rotation)  (see  §71) 

Anhydride  Hydrate 

r    <r-Modif  ordinary  milk-sugar          .      [«]/>  +  88°  +  84° 

2   J3-      "       stable  form  ..........  "  +553°  +5253 

37-      "       second  labile  form  ......        "  +  36  2  -j-  34  4 

Ordinary  Milk-Sugar.  —  The  beginning  rotation  of  this  can- 
not be  accurately  determined,  because  of  rapid  change  into 
the  /S-form,  and  is  always  found  too  small  Schmoger3  found 
[«]/,=  -|-  84°  (for  the  hydrate),  and  Parcus  and  Tollens1 
+  83°. 

The  following  series  of  experiments  by  Parcus  and  Tollens 
gives  a  picture  of  the  change  into  the  stable  /3-forin  which  fol- 
lows in  milk-sugar  solutions  at  the  temperature  of  20°  ,  the 
time  being  counted  from  the  moment  of  adding  water  to  the 
finely  powdered  substance 

i  Ktschr    ftir  Rtvbeuzucker-Iml  (1879),  111,  p  130 

a  Tralles 

•i  Ber.  d  cheni.  Get.,  13,  1918.  ^  *«««*.. 

«  Ann.  Chem.  (I^iebig),  857,  170.  -      -  -^*WWt**»*sfc. 
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*  =  20° 

c  =  4  841 

*  =  20° 

c  =s  7  064 

Time 

[«]/> 

Time 

[«]/» 

8  mm 

8291° 

10     " 

8256 

IS    " 

8l  12 

20     " 

7969 

25  mm. 

78.86° 

30    " 

76.48 

30    " 

77-14 

45    " 

73.26 

40    " 

74-94 

I  hour 

70.04 

!*/»  hours 

65.76 

ilft  hours 

68.57 

2 

62  17 

2 

61.70 

21/*        ' 

5897 

3         ' 

5754 

3l/i     " 

5584 

4V,      ' 

5432 

5 

536o 

5        " 

5425 

6 

5343 

7 

53-25 

7        " 

5290 

24 

5253 

24        " 

5253 

As  opposed  to  the  earlier  statements  of  Hesse,1  Schmoger3 

shows  that  the  rotating  power  of  milk-sugar  for  c  =  2.372  to 

41.536  is  independent  of  the  concentration      He  finds  from 

the  mean  of  70  polarizations  the  constant  rotation  a\  20  °,  for 

C12H22On  +  H20   [«]„  -  +  52  53° 

Exactly  the  same  value  is  tound  by  Demges  and  Bonvaus.1 
However,  according  to  experiments  of  Schmbger,  the  temper- 
ature influences  the  rotating  power  which  sinks  as  the  solution 
becomes  warm  This  effect  is  greater  at  20°  than  at  higher 
temperatures.  In  the  neighborhood  of  t  =  20° ,  [a]  /,  changes 
about  o  070°  for  one  degree  of  temperature  as  shown  by  the 
following  table 


[<*]i>  at 

p 

df. 

9" 

10" 

14" 

20° 

21" 

32" 

33" 

35" 

37" 

8307 

1  0301 

52760 

52360 

51.60° 

15-950 

i.  0661 

53.500 

52.56 

51  40' 

16.664 

1.0642 

5346° 

52360 

5I.480 

24.785 

1  0992 

52.56 

5159° 

1  Ann  Chem  (I/iebig),  176,  98 

-  Ber  d  chem  Ges  ,13,  [922 

3  J  phann.  cmm,  [5],  17,363.  Chem  Centrbl  (1888),  p 
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If  the  rotation,  att,  of  a  milk-sugar  solution  has  been  found 
at  the  temperature  /,  it  may  be  reduced  to  the  value  at  20°  by 
this  formula  : 

IQ2Q  —  t 


By  the  action  of  dilute  acids,  milk-sugar  is  inverted  and 
glucose  and  ga  lactose  are  formed,  which  may  be  shown  by 
polarization.  If,  for  example,  c  =  11.9734  and  t  =  20°,  there 
may  be  calculated  from  the  rotation  of  glucose,  \ot\  D  —  52  84°, 
and  of  galactose,  [or]/,  =  79.73°,  that  of  the  inverted  milk- 

sugar  as  5-i'?!±-7!i7-3  —  66.29°.      Rindell1    found     [«]/,= 

67  57  for  this  rotation,  and  showed  that  it  is  influenced  by  the 
temperature  according  to  the  following  formula 

[<x]yj  =  70.608°  —  0.152  1. 
Alkalies  diminish  the  rotating  power  of  milk-sugar  . 


cryst.  milk-sugar  -|-  i  mol.  Na^O 
t~   20°,    c  --3,     [a]/>atonce  .......     ^  +  45  5°V 

t       20°,    c    -  3,        "     after  24  hours.  +1257]" 

Half  -Rotating  Milk-Sugar  (^-form)  This  is  produced  as 
already  explained  in  §72  The  beginning  rotation  is  found 
too  large  because  of  the  rapid  conversion  into  the  more  strongly 
rotating  /?-form  Schmbger11  obtained  for 

c      7  °7.     [«]/>        +•  34  4  ,    c  —  7  72,     [or]/,  =  +  36  2° 

The  conversion  of  a-  and  also  y-milk-sugar  into  the  constant 
ytf-form  is  listened  by  addition  of  o  i  per  cent,  ammonia  ' 

Milk-Siigar  Octoacctate,  C12H14O11(C2H8O)f,.  This  is  left-rota- 
ting and  exhibits  neither  birotation  nor  half  -rotation. 

Chloroform  ............  p  -    about  10,    [a]/,  =  —  3  5°  5 

MALTOSE,  Maltobiose,  Malt  Sugar,  Ptyalose,ClaH2aOu+H2O 
Crystallines  in  fine  needles  with  i  molecule  of  water  of  crystal- 
lization, which  is  lost  at  100°. 

The  earlier  statements  on  the  rotation  of  maltose  gave  values 
between  [«]/>  =  +  139°  and  150°.  The  first  reliable  obser- 

i  /tschr.  fttr  RUbenzucker-Ind  ,  4,  163 

a  Hesse  .  Ann.  Chem.  (Mebig),  176,  »i. 

"  Her.  d.  chetn.  Ges  ,  13,  1918. 

<  Schulse  and  Tollens  •  Ann.  Chem  CUebig),  371.  49 

»  SchmOger    Ber.  d.  cliem.  Ges  ,  99,  1452 


6O2 


CONSTANTS  OP  ROTATION  QV  ACTIVK  BODIKS 


vations  were  made  by  Meissl.1     He  found  that  maltose,  li 
lactose,  shows  half -rotation. 


[<VI/>  after 

5  mm,      i  horn  • 

4  horns        7  hours.       H  hoius.      i\}\ 

ouis.       i\  ihn 

I5.6T         122.6        T26.2 

132.0           137.0           137.2           13 

8.3         138- 

18.94      122.5       I27-4 

133.0          137>6          138.2          13 

8.2         138, 

19.4           122.0         T27.0 

135.0          138,0           138.3          13 

8.3         X3«- 

Parcus  and  Tollens8  also  investigated  the  half  -rotation  in  fr 

different  solutions,  and  found  : 

Preparation  i 

Preparation  a 

1  =  20" 

i  =  20". 

t        30" 

i    -  10  040  foi  hydrate 
<   =   9-537  f°l  anlijdr 

,  =  9.679  foi  hydrnte 
i  =  g.  195  foi  auhydi  . 

i       10  ,<ao  for  hydiati 
•        ij  H<M  for  nnhydi 

1     r    „ 

Time 

unhjdilde. 

Time. 

anhydride. 

Time", 

nnhydi  i< 

8  nun. 

119-36° 

12  mill. 

120.97° 

6  min. 

'118.75° 

10      " 

120.27 

14     " 

I2I.16 

H     " 

119.46 

15     " 

121  or 

16    " 

122.29 

10     " 

120.34 

20      " 

121  72 

20      " 

123.23 

12     " 

1  2O  69 

30    " 

12335 

25     " 

124.55 

15     " 

121.22 

45     " 

125.17 

30    " 

125.68 

20      " 

I22.2.S 

i  hour 

128.07 

40    " 

127.56 

30      " 

124.04 

il/n  hours 

130.97 

50    " 

129  44 

SP      " 

127.04 

2 

13297 

i  hour 

130.57 

i  hour 

128,8l 

a1/.     " 

134.05 

i'/i  hours 

132  63 

i1/..  hou 

rn  131  45 

3  "     " 

134.96 

r'/,    " 

I34.7I 

2    '       " 

133.22 

5        " 

136.52 

2          " 

135.27 

3        " 

135.16 

7        " 

136,72 

a'/,     " 

135.65 

41/..     " 

136.40 

9        " 

136.96  const 

3'A    " 

136.40 

6  "     " 

I36.750< 

5        " 

136  87001191. 

The  constant  end  rotation,  as  with  milk-sugar,  is  m< 
quickly  reached  by  heating  the  solution  or  by  adding  ami: 
nia  to  it." 

i  J  prakl.  Chem.,  ai,  284  and  95,  114. 

8  Ann.  Chem.  (I,iebig),  357, 172. 

o  Schulsceand  Tollens  :   //i/d.,  37 1 ,  53. 
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The  constant  end  rotation  is  dependent  on  the  temperature 
and  concentration,  as  shown  by  observations  of  Meissl,1  which 
may  be  expressed  by  this  formula 

[«]/,  =•=  140  375  — -  0.01837  p  —  o  095 1 

From  this  we  have  the  following  agreement  between  obser- 
vation and  calculation : 


1»  at 

/ 

rf 

at  17  s" 

# 

17  5". 

25". 

35" 

Found 

Calc 

Pound. 

Calc. 

Pound 

Calc 

Pound 

Calc 

495 

I  01961 

138.67 

13886 

138.46 

13862 

137-97 

137.91 

13708 

13696 

970 

1.03928 

13879 

138.77 

138.54 

138.53 

13784 

137.82 

136.95 

136.87 

18.65 

1.07777 

13856 

13861 

138.33 

138.37 

137-57 

137  66 

136.75 

13671 

18.67 

I  07779 

13868 

138.61 

138.40 

r38.37 

137.68 

13766 

'36.79 

13671 

19.68 

1.08281 

138  70 

13859 

138.3° 

13835 

13759 

137.64 

136.66 

13669 

rggi 

I  08309 

13850 

13858 

13839 

138.34 

I37-S5 

13763 

13661 

13668 

3386 

I  14873  [138  35 

13833 

138  12 

13809 

13733 

13738 

13638 

13643 

34-72 

1.15361  !is8  26 

I383I 

13800 

13807 

13729 

13736 

136.37 

13641 

3495 

1.15500 

13834 

I383I 

138  II 

138.07  137.40 

13736 

136.48 

13641 

Herzfeld2  gives : 
Water t  -  20°,    p       1129,    d?    -1044°,     [or]/)       +13829° 

(From  Meissl's  formula  there  is  calculated    138  27) 

Ost'1  finds 

Water  .       .       .   c    -  2  to  ai,    t  =  20°,     [«]/,  =  -|-  137  04° 

Brown,  Morns  and  Millar1  also  obtain  values  which  closely 
agree  with  those  of  Meissl. 


Octacctyl    Maltose,  C,,H,,OU(C2H,1 
point,  150°  to  155° 

Benzene  c      1.9956, 

Benzene p  -    2 

Alcohol p  -   2 


))8.     Crystals  ,   melting- 
[«]/>_  81.18°  • 


Benzene 
Chloroform 


p  ~  2 
p  -  2 


Alcohol  .........  p  -i 

i  J,  prakt.  Chem    [aj,  25,  114. 

»  Ztschr  fUr  RUtaenzucker-Ind.,  (1895),  p.  236. 

•i  Chem  Ztg.,  19,  1727 

*  J  Chem  Soc,  71,  72. 

ft  Herafeld  .  Ann.  Chem  (I<iet>ig),  aao,  218. 

«  Herzfeld  :  Ztschr.  fUr  Rubenzucker-Ind  ,  (1895),  p.  235, 

7  Herzfeld    Ber  d  chem.  Ges  ,  a8,  441, 


--75-7 
=60.0 

--76.54 
-  61.01 
--  60.02 
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ISOMALTOSE  Gallisin,  C14HaaOu,  This  is  formed  in  the  yeas 
fermentation  of  grape-sugar,1  or  in  the  treatment  of  this  suga 
with  hydrochloric  acid.a 

The  specific  rotation  in  aqueous  solution  increases  approxi 
mately  in  proportion  to  the  amount  of  solvent  employed  : 

Water  .......  t    -20°,    c      54-58,     [a],       |  77.3*' 

c      27.29,         "        |   80.10 
t       10.60,         '«         |   83.76 

Ivintner  and  Dull1  give  for  a  preparation  of  isomaltose  froi 
starch,  but  which  probably  was  not  pure,  [</)/,  140°  in  i 
per  cent,  solution. 

TREHALOSE,  Mycose,  CWHWOU  H-  aH.O.     Rhombic  crystals 
melting-point,  210°. 
Water-  ...<:-=  8.4  to  14  8    t      15° 

IX]  /        I   199°  (      220°  for  anhydrous  Mihst/ 
Water..-,  c    -10.03,         [«]  /       ~\-  173.2°  " 

MEUBIOSE,  Raffinoboise,  C^H^O,,.     Amorphous  powder. 
Water  ...........  c      3.957,    /       17°,     [<»]/•        |   126.7° 

Water  ............  c      3973,     t       17,  "          I    1279 

These  are  only  approximate  values,  as  we  have  no  guarante 
of  the  purity  of  the  amorphous  sugar.7 

Water  ..........   /       17.  5°,     [aj/i       137.32"'' 


'-/.,  Alcohol   |    Y-icliloioform....  (       1.6516,    /      18°,     [<tj/,        ,   c^j-0 

CvcivAMOSK,  CuHjjOi,.  From  the  roots  of  CytJamen  can 
paeum.  The  specific  rotation  is  not  affected  by  the  tempei 
attire,  an,d  is 

[*]/,   -  —  15.15°. 

On  heating  with  dilute  hydrochloric  acid,  the  rotation  is  Iv 
stantly  changed  to  [«?]/,  -—  .  -  66.54,  but  under  the  influenc 
of  the  heat,  soon  decreases.1" 

I  Schmltt  and  Cobenal  •  Bur  <l.  cliem.  lVe«.,  17,  itwo. 
a  Pisohei  •  lt>i(t.t  33,  3688. 

!1  Schmitt  and  Cobeuzl  :  /A«A,  17,  1007. 

4  Xtsehr.  nngew.  Cliem.,  1892,  p.  afifl. 

ft  Berthelot:  Aim.  chim.  ptays.,  [3],  55,  376. 

II  MitscherUch  .  J.piakt.Chcm.,  LI],  73,  65 

"  ScheMer  and  Mittelmeier  :  Ber.  d.  cheiu.  OCH.,  a3,  1438. 

K  Bait:  Cheui.  7Ag.,  »t,  186. 

11  ScheiblerandMittelmeiei. 

"'  Michaud  •  Chem.  News,  53,  332. 
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20.  Trisaccharides  and  Polysaccharides 
Melitose,  Melitriose,  GovSsypose.     C1HHMOW  -f 


5HaO.     Melting-point  n  8°  to  119°.     It  is  found  in  various 
vegetable  products. 

The  rotating'  power  was  found  by  several  older  observers,  in 
pretty  close  agreement,  as 

[flf],,  «     -|    104.5°,  for/--  20°, 
and  to  be  but  slightly  dependent  on  temperature. 

Tollens1  found  that  these  different  products,  investigated  by 
the  earlier  chemists,  tnelito.se  from  eucalyptus  manna  ,a  raffinose 
from  molasses,  '  gossy  post-  from  cottonseed,1  are  identical  and 
show  the  following  values 
I.  Rnflinose  from  molasses 
Water  .......  />        9817,    t      20°,    </-"      103278,    [u]#       1-104.9° 

II    Rtiflinost,'  from  cottonseed  : 
Water  .......  />       11158,    t      20",    rf°       103279,     [d]/,       |    104.39° 

III.  Raflmose  from  euotilj  plus  manna 
Water  .......  p        9777,    t      20°,    </;"       1.03172,     (.a]/,       |    10444' 

Raffinose  is  found  also  in  the  sugar-beet. 

Water  ...........  />       27616,     /       18°,     [a]/.       104  96°  ' 

Rischbiet  and  Tollens  give    '' 
I    RafTmose  trom  molasses 

Water.  .  <        HI,     [t»]/'         I    I()2  4  *-°  IO4  9° 

2.  Rallinose  from  cottonseed 

Watei       ....     i       io,     [u[/i       104.4" 

Creyclt7  found  . 

Wulei     .......     /      20°,    (       166 

Raninose  fiom  molasse.s  .....  .    ['']/'        10)2° 

"  "      cotton  -seed  ..  *.....       "          104  5 

In  tlieinvei.sionofiafllno.su,  two  stages  may  be  distinguished 
When  its  solution  is  warmed  gently  with  weak  acid,  the  rota- 
tion sinks  to  about  otic-half,  but  goes  no  ftnther  ;  but,  on  the 

i  Ann  Clu-m.  (I,urbiK),  333,  i<«) 

a  IkTtlu'lut    Aim.  rhun  pliyH.,  |(],  46,  <i<i, 

9  lyoimuiu    Coinpl  i  ciiil,,  Ha,  iu<^s 

•<  HuUm  :  J  ptukl.  Cheiu.,  |.!|,  30,  \/ 

6  I«ii)pmnnn  :  Her  d  olit'in,  (Jps  ,  18,  3(189. 

*>  Ann.  Cln-m.  (I(U'bi«),  »$*,  UK; 

?  Innug.  DlsM,,  Hrlutig'ou,  iKHH, 
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other  hand,  if  the  solution  is  warmed  a  long  time  with  some 
what  stronger  acid  the  rotation  is  decreased  to  one-fifth  tin 
original  value. 

Thus,   a  raffinose  solution  with  c  =  10,  to  which  6  cc.  o 
sulphuric  acid  of  sp.  gr.  1.0591  had  been  added,  gave  • 

After  YJ  hour's  heating  to  100°  .......   [or]/j  _  -  49.8°  at  20° 

"      i      "  "         "80°  ......        "    ^49  i    at  20 

"    14  days'  standing  in  the  cold--  •  •          "   —  53.6    at  20 

But  when  10  grams  of  rafimose  was  dissolved  with  5  cc    o1 
sulphuric  acid  of  sp  gr.  1.156  and  water  to  make  100  cc.,  anc 
was  then  heated  five  hours  to  100°,  it  showed   [or],,  =  -j- 
20.07°  ' 

Scheibler2  has  shown  that  the  specific  rotation  of  raffinost 
does  not  change  with  the  concentration  or  by  the  addition  oi 
alcohol. 
Raffinose  from  beet-sugar 

Water  .........  c  -  10,    t  -  17  5°,     [a]/,    --  +  10374° 

"     ...........     c^is,    t~~if5  "    -^  +  103.97 

t  --  17  5  "    ^=4-1039 


Alcohol  (  15  p.c  ).    c—io, 

Raffinose  from  cottonseed 
Water  .........  c  =  5 

"       ...........  c~io 

"     ........    c  -  15 

Undecylacetylmeletnose,  C^ 
melting-point  99°  to  101°. 

Alcohol  .......  £^-8.1988,    /  -17°, 


t  —  17  5 
t  —  175 
if  =17.5 


[a]/)  =  +  104  o 
"  -"  +  103.9 
"  "H  103.95 

Crystals  with 


[a]/)       H-  92  2°  ' 

,  C,8HS2O1B  +  2H2O      Rhombic  crystals  ,  mell- 
ing-point,  147°  to  148° 

For  aqueous  solutions    . 

\Q-~\D  -•=  +  83  +  o  07014  p  * 
*       Water  ......   [or]/,  =  +  88.15°  fi 

Acetate,   ClsHi!tO1B(C!iH,0)1,.     Monoclinic   prisms  ;  melting-- 
point, 117° 

Benzene  ........    c  -  6  243,     t  --  20°,     [ar]/>  —  110.44°  " 

I  Tolleus    Lac  ctt  ,  Scheibler    Ber  d  chem   Ges  ,  18,  1782 
a  Loc,  at 

J  Scheibler  and  Mittelmeier  •  Ber  d  chem  Ges.,  33,  1443 

*  Vilhers    Bull  Soc  Chmi  ,  27,  98  ,  Alechm    Russ  phys-ch  Ges  ,  at,  420. 

"  Bourquelot,  Hdrissey    J  phurm.  chiw  ,  [6],  4,  385 

II  Alechm 
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LUPEOSE,    /f-Galactau,    C2,H41!Oai  +  H,O(?).     Amorphous. 

A  preparation  dried  in  hydrogen  at  100°  gave  • 

Water  .........  p  -  5,    t  --  22°,     [or]/,  =  •+  138° 

For  three  different  preparations  which  were  dried  at  1  10°  to 
115°,  these  values  were  found  earlier  by  Steiger  ' 

[a]/,        H-  148.7°,       [«]/>     -  +  149-8°,       [a]/i   =  +  147-2° 

If  we  assume  that  the  preparation  dried  at  100°  contains  one 
molecule  of  water  of  crystallization,  the  last  three  results 
would  agree  very  well  with  that  calculated  for  anhydrous 
lupeose.B 

TREHALUM,  C!ilHlliO!1],  from  trehala. 

P   -0261  to  0.365,    t    -  18°,    [or]/,  -  +  179°  " 

GENTI  ANOSE  ,  C^H^O-u  (  ?  )  .     Small  plates  melting  at  2  1  o  °  .  4 

An  aqueous  solution,  prepared  hot,  showed-  ••  t  -   18°,     [a]/i   -  +  65  7° 
"          "  "  "       cold,      "      ..     t       18°          "        +3336 

STACK  YOSE,  C,(1H(i,Ou  From  tubers  of  Stachys  tubifera. 
Crystals 

Water...    c  9       (amorphous  substance),  [«]/>      -1-1467° 

-c  95     (          "  "        ),  +1488 

"      .   ..  c  9        (crystalline         "        ),        "    -=  +  148.1 


21.  Carbohydrates, 

AMORPHOUS  SOI<UBI<E  STARCH.  —  From  potato  starch  by  heat- 
ing with  glycerol,  water,  dilute  acids,  etc." 

Water,  <       z  533,  [u]  ,       +  206  8°  " 

"      i       2  215,  t      175,  [<r],  =  2ir  50°,  from  which  [«]/>      18998° 
"      t       3995,  /       17.5,       "        21197,      "         "          "         ^024  H 
Other  authors  give  the  rotation   as  [a],  —  +  216°  ;"  |>], 

=  +  211°  ;10    «=•  H-  216°,     «/)  =  +  202°.11 


Vers  vSlat  ,  36,  423  nnd  Xtschr.  physiol   Chem  ,  n,  372 
J  Schul/e,  Her  cl  chem  Gcs  ,  ag>  22lS 

I  Scheihlet,  Mitlelmeier    fbui  ,  a6,  13^1 
+  Meyer    Zt&chr  physiol  Chem  ,6,  135 

n  Planta  andSchulne    Bei.  d.  chem,  ties  ,  33,  1692   34,  2705 

«  Zulkovrsky  Ibid,  i3,  i^S,  Bficlmmp  •  Coiupt.  rend,  39,  653,  MuscuUis,  Gruber 
JM  ,  86,  i  ^S9 

'  Zulkowsky  .  Luc  ctt.  \ 

*  Salomon  •  J  prakt  Chem  ,  [aj,  a8. 

II  Musculu<)  .  Jahresber  (1879),  p.  835 
i"  B^champ    Compt.  rend  ,  39,  653 

'i  Brown,  Morns,  Millar:  J,  Chem  vSoc  ,  71,  114, 


608          CONSTANTS  OP  ROTATION  OF  ACTIVE  BODIES 

DEXTRINES. 

Crystalline  Soluble  Starch^  Amylodextrine.  —  Formed  by 


action  of  cold  dilute  hydrochloric  acid  or  of  hot  90  per 
acetic  acid  on  starch,  and  separated  in  crystalline  form  t 
freezing  the  solution.1  Brown  and  Morris2  have  determin* 
the  molecular  weight  as  C^H^On  -f-  6C12H20O10,  and  give  tl 
rotation  as  a,  —  -f  206.5°. 

Achrodextrine,  —  According  to  the  statements  of  differe 
authors,  there  are  several  isomenc  dextrines  formed  under  di 
ferent  conditions  from  starch.  Musculus  and  Gruber8  di 
tinguish  three  kinds 

ovModification  ...............  [or]  =  -4-  210° 

jS-Modification  .................     "    =+190 

7-Modification  ................     "    -—4-150 

According  to  O'Snllivan,  '  there  are  four  different  varieti* 
which,  however,  have  the  same  rotating  power.  This  is  give 

as  [a~\j—  +  2I5°  to  217°. 

Brown  and  Heron5  give  [a]j  =  -f-  216°. 

Iy.  Schulze6  found  the  rotation  of  a  carefully  purified  dea 
trine  as  [a"]D  =  -f-  186° 

I^ustgarten7  found  for  a  dextrine  obtained  from  dinitr< 
glycogen,/  =  12.175,  t  =  27°,  [«]„=  +  194°. 

The  rotating  power  of  dextrine  is  increased  by  acids.8 

Water  ..................  £=3  714,  *  =  17.5°,  [«],  =  +  215  06° 

Sulphuric  acid,  o  4  p  c.  .  .  c—  I  064,  *  =  17  5          "at  once)  —  -f-  216.  j; 

[or]./  (following  day)  —  -j-22o.« 

An  achrodextrme,    (CiaH20O10)3  +  H2O,    [«]„=+  183° 
described  by  L,mtner  and  Dull.9 

Maltodextnne.  —  By  treatment  of  starch  paste  with  diastas- 
above  65°,  [>].,=  +  169.9  to  173.4°  J10  [«],=  +  164.2°." 

1  Musculus    Ztschr  Chem  ,  (1869),  p  446 

s  Brown  and  Morns    J  Chem  Soc  ,  55,  452 

3  Ztschr  physiol  Chem  ,  a,  188. 

*  J  Chetn  Soc  ,  35,  770 

6  Ann  Chem  (I,iebig),  199,  243. 

8  J  prakt.  Chem  ,  [a],  28,  327 

^  Monatsh  Chem  ,2,  626 

8  Salomon    J  prakt  Chem  ,  [2],  28,  4.2 

fl  Ztschr  f  Brauwes  ,  17,  339 
'°  Herzfeld    Ber  d  chem  Ges  ,13,  2120 
11  Bondonneau    Bull,  Soc  Chim  ,  25,  5 
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Extended  investigations  on  the  action  of  diastase  on  starch, 
and  especially  on  nialto  dextrine,  have  been  carried  out  by 
Brown  and  Morris,1  also  Brown,  Morris  and  Millar.* 

Artificial   Dextrine.     From  dextrose,  sulphuric  acid,   and 

alcohol 

[a]fl    -  -I-  131  to  134°  " 
OL      +  123°  * 

Fermentation  Gum,  dextran,  viscose.  Produced  in  the 
lactic  fermentation  of  cane-sugar. 

O]/j    -  +  230° " 
fi-Galactan,     From  Lupinus  luteus 

Water <'--=io,    [rt]yj   --1-148.7°" 

"     t   -  3.082,    t  -15°,     \ct\D    -  M48.607 

Shows  no  birotation.  The  rotation  changes  very  little  with 
the  concentration. 

y-Galadan.     In  the  sugar-beet 

Walei    i       10,    i    -20°,     [or]/,    -  +  238°  H 

ot-Galactm.     In  the  seeds  of  leguminous  plants. 
[«]«         I-  84  6°  " 

ONCOGEN,  C6H10O,,  or  CMHMO,,  Found  in  the  liver  of  man 
and  the  herbivora  The  older  statements  on  the  rotation  of 
glycogen  vary  within  very  wide  limits.  Careful  observations 
were  made  by  Kulz.1"  He  states  that  the  concentration  is 
without  special  influence,  and  he  finds  as  the  mean  of  eighteen 
readingvS  \oi\,  -  4-211°  (greater  concentrations  than/  —  o  6 
cannot  be  employed)  Landwehr"  found  for  the  glycogen  of 
dog1  s  liver,  f or  /  =  1 8 ° ,  [«r]  /,  ==  +  2 1 3  3 ° .  Further  values  are . 
[«]/,  +  196  33° '2 

"        -  -|-  200.2  ll 
i  Ann  Chem   (tyebig),  331,  72  ,  J   Chem   hoc  ,  55,  452. 

•  J.  Chem  Hoc  ,  71,  72,  i°9»  "•» 

i  Mwsculus  and  Meyer :  Ztschi   physiol  Chem.,  5,  122 

*  Konig  and  vSchubert .  Monatsli.  Cliem  ,  6,  746  ;  7,  455 

'•>  Stohmann  and  rvaugbein  •  J.  praltt  Chem  ,  [a],  4g,  3°5 

«  Steijjer .  Her  d  chera  Ges  ,19,  829 

"  Sclml/e  and  Steiger  •  Landw  Versuchs-Stationen,  36,  423. 

11  fyppmaim    fier.  d  cheni.  GCH.,  ao,  1001 

»  Muntz    Compt,  rend  ,  94,  453 

i"  Jahrctfbei    f  Tluerchemie  (iH8o),  p.  81 ,  Arch  f.  ges  Physiologic,  24,  35 

«  Xtschr.  phyhiol  Chem.,  8, 171. 

i-  Hnppeit    Her  d  cheni.  (xes,,  37,  Ref.  85 

»•>  Kramer :  /tschr  fiir  Blol.,  94,  too, 

39 
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CBU,UIX>SB.  According  to  Levallois1  this  is  left-rotating 
solution  of  ammoniacal  copper  hydroxide.  But  Btfehamp"  gi\ 
the  direction  as  variable. 

GRAMININ  Found  in  various  plants  (as  Trisctuw  alpestn 
White  powder,  melting  at  209°. 

Water p      5,    /       12°,     [/*]/• 

INUWN.     Found  in  the  roots  of  different  plants, 
crystalline  grains  ;  melting-point,  160°. 

The  older  values  for  the  rotation  vary  between  [<v]  /, 
26°  and  72.42°.     Kiliani1  found  : 


lutihn  from 


Inula  Helenivm 
Dahlia    variabil 


Dissolved  in 


( Water  at  100°  diluted  with  \ 


cold  water. 


j  A  little  potassium  hydrox-  j 
(     icle  and  then  diluted,     j 


I. 5122 
0,9172 
1.7456 


23"  I   -  36.66 


20 


2O 


L,escoeur  and  Morelle5  found  : 

Water  f'O/'  36-94° 

Haller"  gives . 

Water t       7.25,     L'll"  38,8° 

Temperature  and  concentration  appear  to  have  no  influence 

Water />      2,      ["0/1  37-27°" 

Inulein, 

Water.... c      6.6,     [«!/•          at>6"u 

Pscudo-Inulin. 

Water c      6.64,  [a]/,  32.2" '" 

The  last  two  substances  were  obtained  from    flelianthh 
iuberosns. 

I  Bull,  soc  chim,,  43,  8s, 

a  Bet.  d.  eheiii.  Ges ,  18,  Kef.  113. 

II  Ekstraiid  and  Jolmnson  :  J/>nt..t  ai,  .VM. 
1  Ann.  Clieiu.  (I/iebljy),  aog,  MS. 

fi  Hull.  soc.  chim  39,  418, 

0  Coinpt.  tend.,  n6, 514. 

1  Hallei. 

*  Walluch :  Ann.  Cheui.  (l^ieblg),  934,  3<iS. 
o  Haller:  Compt.  rend.,  116,  514. 
10  Haller :  Loc.  nt. 
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IRISIN,  Phle'in.  In  the  tubers  of  Iris  pscud-acorus*  Melting- 
point,  218°. 

Water /       10,    t      :6°,    [>]/>  51.54 

/*       !«•    '       *6»          "  51.15 

/        5,    /       16,          "  -SI.55 

/»  2,      /        22,  "  -49.90    J 

Kremlins /      5,    [<*]„        -  53.34°  V 

From  Phleinn /      5,         "          -  48. 1 2  ) 

JyKvosiN.     In  varieties  of  grain.    Melting-point,  160°, 

Water /      5,     [a]/>         -  36° 8 

LKVUUVN.     In  beet-sugar  molasses.     Melting-point,  250°. 
Water c      51030,    /      20°,     [«]/»  221° 4 

The  temperature  is  without  influence. 
vSiNiSTRiN.     In  the  sea  onion. 

['«]/•          4i.  I-0'"1 
34-6°  " 

TKITICIN      In  the  loots  of  Tnticitin  repcns 

[««!/'        -43607 
P      5,  -  4I.078" 

22,  Gums 

AKADIN,  Arabic  Acid,  C,MHS( )„(.?)  The  principal  constit- 
uent of  gum  arabic  which,  however,  is  a  mixture  of  at  least 
two  gums,  a  right-  and  a  left-rotating  variety.  Pure  arabui 
may  be  made  from  sugar-beets. 

[<«]/'  9H.50" 

WOOIXJUM,  Xylan,  C,nh(),(?).     In  foliage  trees,  especially 

in  the  birch. 

/>      i  to  2,    [cO/i          .V1" 
[uj/t  usunlly  70°  to  85°" 

>  Wulliu-h    Ann.  Cheiu  (I.ifbix),  *34,  \6y 

*  Kksltjuwl,  JohttiiMott  •  Dei .  <1.  clicm  Ot-s.,  30,3311 

Yiinrct    Dull.  m>i'  ilum.,   IM.Si?^- 

l,ll>pmnnu  .  Her  tl.  chem.  OCN,,  14,  1511 

SehmirtlfUerg; :  Mrt/.,  ta,  Rcf.  7<is. 

Reidenu'lHtei    jHhrcHltvi.  Tlileroh.,  >HHi,  y.  71. 

Heidemt-iHter :  /Mt ,  at. 

JilcHtrajul,  JoliaiiHon  :  Her.  d.  chcm.  (.CH.,  ao,  3.117, 
«  Schetlikr:  /AiV.,  i,  $9 
l"  Thoiuwn:  /*«/.,  13,  JifiH. 
ii  TolkiiH  :  nanclb.  il.  Kohlenliydrate,  II,  »a. 


LACTOSIN,  C.H.O,,  +  H,O     In  the  roots  of  the  caryop 
laceae.    Small  crystals. 

Water....  p  =  2  907  (for  the  anhydrous    substance),  /—  16°,  d1 
i  0128,  [a]/,  =  +  211  7°  ' 

23.  Camphors  and  Terpenes 

In  the  nomenclature  and  classification  of  the  following  c< 
pounds,  the  fundamental  work  of  Wallach  has  been  taker 
the  guide.  The  terpenes  are  therefore  divided  into  fi 
groups  : 

A.  Aliphatic  terpenes, 

B.  Terpan  group, 

C.  Camphan  group, 

D.  Polyterpenes, 

and  at  the  beginning  of  each  group  the  hydrocarbons  will 
treated,  then  the  alcohols,  ketones,  and  so  on 

A.   ALIPHATIC  TERPENES 

i.  Hydrocarbons 

LICAREXE,  C1QH1S.     Boiling-point,  176°  to  178° 
d*      0.8445,    /   -  20.2°,     [or]/,  =--  -  7  85°  * 

2    Alcohols 

</-LICAREOL,  Coriandrol,  CWH17OH.     Boiling-point,    196°  t 
iwb5. 

d'}      o  8820.     [tr],,  ~  -  15.2  s 

Boiling-point,  93°  to  94°  (15.5  mm.). 


/-LICAREOL,   /-Linalool,    Aurantiol,     Lavendol,     Nerolol 
CMH1TOH.     Boiling-point,  199°  to  200°. 

d"  -  o  8819,    d1  "4  =  o  8662,     [or]  jj  <  ~  —  18.35°  3 
i/1'  -  0.868,    [al^s  =  —  19°  G 

Planta  and  Schulze    Ber  d  chem  Ges  ,  23,  1692 
s  Bartner    Compt.  rend.,  nd,  9^3 

*  Barbier    /**i/,  n6,  1^59 

*  Bttrbter    Ball  soc  chim  .  [3],  p,  914 

*  Bartser    Compt  rend.  114,674 

*  Mona    /%</  ,  93,  9^ 


According  to  Barbier,  licareol  and  linalool  are  not  identical. 
He  gives  • 

l-Linalool,     Boiling- point,  98°  to  100°  (14  mm,) 
rf«      O.HH69,     [<r]fl«i  ii.gi01 

Boiling-point,  86°  to  87°  (14  mm,). 

ttm      o.S6aa,    fit]-/;          19.62° « 

rtf-RHQDiNOJ,,  d-Citrouellol,  C,,,H17OH, 

From  /-litialool-acetate.    Boiling-point,  123°  (14  mm.), 

rf"      0.9031,    [uj/)        I    i.9°3 

From  dtronellal.  (Formula  given  :  CWHWOH.)  Boiling- 
point,  117°  to  uH°  (17  mm.). 

rf'?5         0.8565,      [fl])M  |    4.0 

Acetate,  CUHHO,.     Boiling-point,  119°  to  121°  (15  mm.), 

t/'.'S       o.H9iH,     [«]Jp        |    2.37* 

Geraniol  is  identical  with  rhodinol,  according  to  Bertram 
and  Oildemeistcr ; '  and  accouling  to  Bouchardat"  and  Tiemann 
and  Semmler7  Hcarhodol,  also,  for  which,  however,  Barbier* 
gives  the  following  constants : 

Luarhodol,  C,,,H,7()H.     Boiling-point,  122°  (19  mm,). 

if1      0.8953,    («?]£•<         -0.69° 
Acetate,     Boiling-point,  135°  (21.5111111.) 


/-RHODINOI,,  1-Citronellol,  CWIIIT()H. 

From  German  lose  oil.     </''       0.8838.     Boiling-point,  216" 
( i 10°  to  120"  at  1 2  mm. ). 

[(r]/.  2H°» 

From  Turkish  rose  oil.     rf"       0.8896.     Boiling-point,  124° 

(16  mm.). 

t«t]/.          2.62° '" 

1  Mull  HOC  ohim.,  [3],  9,  IWM 

*  Tk'mumi  ;  Her.  d,  cheiu,  (»CH  ,31,  H.M, 
1  Itorltki"  Hull.  HOC.  I'hlm  ,  Is],  9, 1004. 

4  Tienmim,  Schmidt  •  Her  d.  chom.  OCH.,  39,  906. 

*  J.  pmkt,  Clicin.,  [a],  49,  185. 

*  Compt.  rend.,  116,  la&t. 

"  Uer,  d.  cliem,  £»«•»,,  a<S,  3714 
H  Compt.  rcntl.,  116,  13*13. 
v  Kckftrt :  Arch.  d.  Phnnn.,  3*9,  35S- 
111  Dnrlvler.  Ctaupt.  rend.,  117,  1093. 
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Boiling-point,  no°(iomm.). 

d°  =  0.8731,    I<X\D  =  -  2.11°  1 
d9  =  o  8612,    [or]£  =  —  4  33  -   Formula  given  as  C10H19OH. 

From  Bulgarian  rose  oil      d™  —  0.8785.      Boiling-por 
224.7°. 

\CC\D  =  -  3  22°  3 

From  French  geranium  oil.     d°  =  0.8886.      Boiling-poii 

124°  (14  mm.). 

[a]i>  = —  2  5°  * 

3.  Aldehydes 

CITRONEI.LAI,,  C10H160.  From  melissa  and  atronella  oil 
Boiling-point,  205°  to  208°  (103°  to  105°  at  25  mm.). 

d1'1*  —  o  8538,    [<*]}? s  ==  +  I2  5°°  s 
Boiling-point.  202°  to  207°. 

d*  —  o  8509,    [or]/>  =  +  4.8°  6 

B.   TERPAN  GROUP 

i.  Hydrocarbons 

</-L,iMONExE  (Citrene,  Hespendene,  Carvene),  Ci0H16  I 
oils  of  orange  peel,  citron,  bergamot,  cumin,  engeron,  an 
dill.  Boiling-point,  175°  to  176°.  d28  =0.846. 

Chloroform   . .  /  =  14  38,    d*  =  i  353,     [«]«,  =  +  106  8°  7 

Derivatives.  Hydrochlonde,  C]0H16HC1.  Boiling-point,  97' 
to  98°  (i i  to  12  mm.). 

rf"  "  =  o  973,    [«] 2 8  =  -f  39-5°  8 

Tetrabromide,  C10H16Br4.  Rhombic-hemihedral  crystals 
melting-point,  104°. 

Chloroform  ...  p—  14  24,    d?  =  i  555,     [a]|,  =  +  73  27°  9 

a-Nitrosochloride,  C10H16NOC1.  Crystals;  melting-point, 
103°  to  104°. 

1  Barbier  Bouveault    Compt  rend  ,  122,  529 

8  Tiemann,  Schmidt   Her  d  chem  Ges  ,  29, 923 

'  MarLowmkoff,  Refonnatzky    J  praJct  Chem  ,  [2],  48,  299 

*  Monnet,  Barbier    Compt  rend  ,  117,  1093 

*  Tiemann,  Schmidt    Ber  d  chem  Ges ,  29,  905 

*  Dodge    Ihd ,  23,  Ref  175  and  24,  Ref  90 

"  Wallach,  Coarady    Ann  Chem  (I,iebig},  252, 144. 

*  Wallach    Ibid.,  270, 189 

8  U'allach  Conrady    Jhd ,  252, 145 


Chloroform  .  ...  ^  =  21.13,    d"  =  I-379,     !>]#  =  +  304.05  °  l 
Chloroform  .  .  .  .  p  =  13  30,    d*'8  =  i  441,     [a]?,8  =  +  313-4°  * 

p-Nitrosochloride.     Crystals;  melting-point,  105°  to  106°. 
Chloroform  ....  p  =  5  339,    d10'5  =  1.476,     [«]£  s  =  +  240  3°  * 

Benzoyl  Nitro&ochloride,   (C10H13NOC1)COC8H5.     (The  same 
benzoyl  compound  is  formed  from  the  two  nitrosochlorides.  ) 
Rhombic  crystals  ;  melting-point,  109°  to  110°. 

Acetic  ether  .  .  .  .  p  =  3  46,    d*°  3  —  0.906,     [a]-  s  =  +  101.75°  * 

ot-Nitrolanilide,  C]0H16(NO)(NHC6H5).  Monoclinic  crystals; 
melting-point,  112°  to  113°. 
From  a-nitrosochloride  : 
Chloroform  ......  p  =  5-35,    d*  =  *  445    [«]#  =  +  102.19° 

From  yS-nitrosochloride 
Chloroform  ...._#  =  7  071,    rf19  2  =  1-439,     [«]£  a  =  +  102.25° 

M^Ma-«-«xfr»/fl»«AVfelC10H16(NO)[N(N6)C(tHB].  Crystals; 
melting-point,  142°.  | 

mher  or  benzene  ?  ........  ^  =  4208,    rf19  8  =  o  805,     [ojff8  =  +  46  20° 

fi-Nitrolamhde     Matted  needles  ;  melting-point,  153°. 
From  a-nitrosochlonde 

Chloroform.  .  .    p  =  5  086,    d«  =  1.447,     [oft   =  —  88  33° 
From  /3-nitrosochloride 

Chloroform      -  >  =  5-133,   dig  4  =  *  447,    M^"4  =  —  89  39°  ' 
a-Nitrolbenzylamtne,     C10H16(NO)NH.CH2C6H5     Needles  ; 
melting-point,  93°. 
Chloroform  ...........  ^  =  7027,  d9  5  =  i  459,  [«]?j5  =+i63806 

Hydrochloride  m  dil  alcohol>  =  3  975,  ^10    =0906,  [a]»  =—  8226 
Nitrate  "    "         "     ^  =  1034,  dn    =  o  900,  [a]»  =—  81  o 

rf-Tartrate          ""         "     /  =  i  133,  ^IS  5  =  o  900,  [a]gs  =  —  49  93 
/-Tartrate          "    "         "     /  =  o  968,  rf105  =  o  899,  [a]^°s  =  —  69  9 

Hydrochlor-mtrolbensylamine,  C10HlbHCHNO)NHCH,C6H5 
Needles  ,  melting-point,  103°  to  104°. 

Chloroform  ..../  =  a  403,    dw  3  =  I  47,     [«]^8  3  =  +  149  6°  ' 


1  Wallach    Ann  Chem   (I,iet>ig),  a46,  224 

2  Wallach,  Conrady    /fiirf  ,  352,  145 
»  Wallach,  Conrady  Loc  ctt 

*  Macheleidt    Ann  Chem  (Dicing),  270,  176 

a  Wallach    Ibid  ,  270,  171. 

«  Wallach,  Conrady  .  Ibid,  353,  148 

T  Wallach    Ibid  ,270,  192 


a-Niirolpipetidine,  CwH,e(NO;NC3HJ((.     Rhombic  crystals 
melting-point,  94°. 

Chloroform /  ~  3.146,    dlt    —  i  475,  [a]%  —  -f  67  75° 

fi-Nitrolpiperidme.      Monosymmetric     crystals ;     melting 
point,  110°. 

From  ar-nitrosochloride  • 
Chloroform p  —  3.107,    da "'  -  i  478,     [atys  —  —  60  48° 

From  /f-mtrosochloride  • 
Chlorofonn p  --  2.1104,  d1-  —  i  478,     [o-]«  =  —  60  37°  ' 

Carvo^imc,  honitrosoterpene,  C,0H,4NOH.     (By  splitting  oi 
HC1  from  a-  or  /f-nitrosochloride  )     Crystals ;  melting-point 
72°. 
Alcohol p  =  4  328,    d  —  o  8025,    /  =  18°,     [0-]^,  =  —  39  34° 

Benzqyl  Compound.     Crystals  ,  melting-point,  96°. 
Chloroform /  ^=  5  716,    <f-'  -  i  4455,     (>]=;  _-=  _  26  97°  » 

Benzoyl-hydrochlorcarvoxime,  Clt,H]4NO.CO  C,HB.HC1.  Crys- 
tals ,  melting-point,  114°  to  115°. 

Acetic  ether /  =  1 1  866,    rf-'(l  ~  o  926,     \_a]%  —  +  9  92°  * 


In  pine  needle  oil.    Boiling-point   17^°  to 
176°.    ^  =  0846. 

Alcohol p  -  6.126,    d*  —  o  795,     [<x\'D ~  —  105  o°  5 

Chloroform-...  p^  14  3    rf105^  1.353,    f=io5°,     [or]1"  '  =  —  105°  « 

Derivatives.  Hydrochlonde     Boiling-point,  97°  to  98°  (u 
to  12  mm. ). 

<P*  ^  o  982,    [a]-  —  _  40.0°  • 

Tetrabromide       Rhonibic-hemihedral    crystals,      meltinsr- 
pomt,  104°. 

Chloroform p  =  „  85,    <f  =  ,  5535,     [ff]i  ==  _  73  ^o  a 

a-XitmsodOaride.     Crystals  ;  melting-point,  103°  to  104°. 

Chloroform p  =  o  993,    rf>  =- 1  496,     [aH=-3i48- 

1  Wallach,  Coiirady   Loc  ctt 

-  Wallach    Ann  Cbem  (I,iebig),  346,  22; 
"  Wallach,  Conrady   Loc  at 

*  Wallach,  Macheleidt    Ann  Chem.  (t,iebig),  370,  i-g 

-  Wallach  •  llna  ,  346,  222 

"  Wallach,  Conrady    /^«-  «/ 

"  Wallach    Ann  Chem  (I,iebig),  370, 189 

*  Wallach.  Conrady    /jnc  ctt 
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fl-Nztrosochloride     Wooly  needles  ;  melting-point,  100° 
Chloroform p  =  0.998,    d9  5  =  1.495,     [or]^  =  _  242  2°  ' 

Benzoyl  Nitrosochlonde.     Crystals;   melting-point,    109°  to 
110°. 

Acetic  ether- . .  p  —  4  828,    dw  5  =  0.911,    [a]j»-5  =  —  101.84°  2 

ot-Nitrolanilide.       Monosymmetnc   plates ;     melting-point, 
112°  to  113°. 

Chloroform p  —  7  344,    d19  *  =  i  437,  [or]« *  =  —  102  62° 

Nitroso  Compound*     Crystals  ,  melting-point,  142°. 
Chloroform    ..      p  —  4  291,    d19  8  =  o  804,     [ar]gs  =  —  47  82° 

fi-Nitrolanilide.     Matted  needles  ,  melting-point,  153° 
Chloroform      .   .  p  =  6  117,    rf18'1  =  1.444,     [<*]$  +  —  +  87.17° 

Nitroso  Compound.  Crystals  ;  melting-point,  129°    Inactive  * 
ot-Nttrolbenzylamine.     Needles  ;  melting-point,  93°. 

Chloroform p  —  6  829,  d6  5  =  i  460,  [«]s,s  =  —163  6°* 

Hydrochlonde,  dil  alcohol  p  -  3  274,  a?10 "'  =  o  899,  [or]j?s  -=  +  83  06 
Nitrate  "        "         />  -  i  019,  rf"  *  =  o  898,  [or]»s  =  +  81  o 

rf-Tartrate  "        "        p  =  i  378,  rf12 "'  —  o  902,  |>]»s  =+  69,6 

/-Tartrate  "        "        p  —  i  119,  dn    —0901,  [o:]1^    =+510 

Hydrochlormtrolbenzylamtne      Needles  ,  melting-point,  103° 
to  104°. 
Chlorofonn. .   .  p  —  ?  431,  rf18 ''  =  i  469,  t  =  18  5°,  [orjjjs  ^  —  147  4°  5 

ix-Nitrolpipendine      Rhombic  crystals  ,  melting-point,   94°. 

Chloroform        .    p  -  3  113,    rf11 7  —  i  475,     [«]/? 7  --  ~  67  60° 
ft-Nttrolpipeudine      Monosymmetnc  crystals,  melting-point, 
110° 

Chloroform  ...    p  =  3  051,    rf11 » -=  i  4?6,     [«]}5 '  -=  —  60  18°  6 
Carvoxwte      From  the  nitrosochlonde  (or  from  fl?-car\Tol) 
Melting-point,  72° 

Alcohol . .   • .  p  =  9  846,    d17  =  o  8146,     [or] g  =  +  39  71°  7 

i  Wallach,  Conrady    Loc  nt 

*  Macheleidt    Ann  Chem  (r,iebig),  370, 176 
•>  Wallach    Ibid ,  370,  185 

*  Wallach,  Conrady   Loc  nt 

&  Wallach    Ann  Chem  (I^iebig),  370,  iga 
«  Wallach,  Conrady    Loc  cit 

*  Wallach    Ann  Chem  (Liebig).  346,  227 
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Benzoyl  Compound.     Crystals  ;  melting-point,  96°. 
Chloroform p  =  5.765,    d>~  —  I  4545,     [a] $  =  -f  26  47°  l 

Benzoyl  Hydrochlorcarvoxime.  Crystals ;  melting-point, 
1 14°  to  1 15° 

Acetic  ether.  . .  p  -  3  157,    d]»  "  =  o  907,     [a]g  7  =  _  10.58°  ' 

Goldschmidt  and  Freund"1  have  prepared  the  following  deriv- 
atives from  the  rf-carvoxime  (|XU=  +  39.62°).  Solutions 
in  chloroform. 


P 

d>. 

/ 

Mi 

272OC 

T  A111 

18° 

_U  ai  67° 

2   'if  \*t 

T   A1KK 

18 

+  27  /in 

Carbo-w-tolttidocarvoxime.  .  .  • 
Carbo-^-toluidocarvoxime  ...... 

2  7402 

14763 

18 

-f  2979 
+  ao  7c 

i.4y^y 

18  c 

-4-  26  6A 

-1.0.5 

re  c 

_j_  07  08 

lo  0160 

A5  O 

+  26  86 

A-Toluvlcarvoxiine  ......   ..... 

1  43°J 

X5  5 

y  •'ya0 
i  i9ff\ 

4395 

T    /UTR 

15.5 

r  4687 

1  '437° 

4°  °3 

»i-Brombenzoylcarvoxime  .  .  . 
6-Brombenzoylcarvoxinie  ...... 

55132 

i  47-29 
14692 

235 

-f  25  96 
+  18.24 

5  49°5 

I  4709 

23 

+  J4  9° 

>«-Nitrobenzoylcarvoxime  .  .  .  . 
>>-Nitrobenzoylcarvoxime  

4  5575 
45845 
45648 

I  4647 
14625 
1.4656 

23 

235 
225 

+  2068 
+  1733 

For  further  data  on  carvoxime  derivatives,  see  Goldschmidt 
and  Fischer.4 


C10H16     In  Swedish  and    Russian  oil  of 
turpentine      liquid     Boiling-point,  175°  to  176° 

d16  =  08510,    [*]    =  +  i95°5 
Boihng-point  171°     d15  =  o  8653,     l 
Chloroform  .....  p  =  14.316,    <f10  =  1.351, 


1  Wallach,  Conrady    Zoc  at 

*  Wallach  Ann  Chem  (Uebig),  270,  179 

*  Ztschr  phys  Chem  ,  14,  398 

*  Ber  d  chem  Ges  ,  30,  2069 
Atterberg    Ibid  ,  10,  1206 

"  Tilden    J  Chem  Soc  ,  33,  So 

'  Wallach.  Conrady    Ann  Chem  (iiebig),  352,  149. 


g  =  +  17°  6 
[«]»  =  +  66  32°  7 
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Derivatives  -  Dihydrochloride,  CWHJ6,2HC1.     Monosymmetric 
crystals ;  melting-point,  72°. 

Chloroform p  =  14  20,    d6  =  1.4235.    [oQl>  —  +  l8  99° 

Dihydrobromide,    C10H16,2HBr.     Monosymmetric    crystals ; 
melting-point,  72°. 

Chloroform p  —  4.359,    d9'5  =  i  499i     [a]|>s  =  +  17.89° 

Tetrabromide>  Ci0H16Brr  Monosymmetric  crystals  ;  melting- 
point,  135°. 

Chloroform p  =  4.338,    rf9'5  =  1.517,     \.<*\9DS  —  +  73-74° 

Nitrolbenzylamine,  C]0H16NONH.C.H7  Crystals ;  melting- 
point,  71°. 

Chloroform p  —  i  908,    d6  3  =  i  495,    \_a\6J  =  -r  185.6° 

Nitrolbenzylawine  Hydrochloride,  C10H16NONHC.H7HC1. 
Crystals. 

Dil.  alcohol p  =  1.571,    d1'6  =  o  904,     [a]JS  =  +  79  2°  J 

/-SYLVESTRENE.    ~BromPznus  Abies.    Liquid ;  boiling-point, 

170.3°. 

rf10  =  o  8664,     [or]£  =  —  18  3°  2 

rf-PHELivANDRENE,  C10H16      In  bitter  fennel  oil,  elemi  oil 
and  resm.     Liquid  ;  boiling-point,  171°  to  172°. 
rfio  =  o  8ss8i    [a],o  =  +  I7.64o  » 

Derivatives  Diphellandrene,  C20H3J.  Made  by  heating 
phellandrene  for  twenty  hours  to  140°  to  150°.  Melting- 
point,  86°. 

Chloroform c  =  5  65,     [a]z>  =  +  82.9°  * 

Nitrite,  C10H16(NO)N02      Melting-point,  94° 

Chloroform [>]/>  =  —  183.5°  5 

rf-MENTHENE  (hydromenthene) ,  C10H1S  By  splitting  off 
water  from  /-menthol.  Liquid  ,  boiling-point,  167.4° 

d»  =  o  8073,     [or]-  =  +  10  66°      ( \a~\j  =  -f  13  25 )  6 

i  Wallach,  Conrady  •  Loc  at 

*  Kunloff    J  prakt  Chem ,  [II],  45,  126 
3  Fesci    Ber  d  chem   Ges ,  19,  Ref.  874 

*  Pesca    Loc  at 
6  Pesci    Loc  at 

«  Atkinson,  Yosbida    J  Chem  Soc  ,  41,  53 
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Boiling-point,  167°  to  168°. 

df>     0814.    [«]£     ~  26.40°  » 

Boiling-point,  167°  to  r68°. 

[i*]  "      -  53-53°  •' 

/-MENTHEXE.  By  splitting  off  hydrochloric  acid  from  the 
right-rotating  menthyl  chloride  Liquid  ;  boiling-point,  170° 
to  171° 

r/-1"      0816.     (XJ/.----343°f 

2.  Alcohols 

/-MENTHOL,  Menthacaraphor,  ClftHiaOH.     In  oil  of  pepper- 
mint.    Crystals:  melting-point,  42°  .  boiling-point,  211.5°. 
Alcohol  ......  t-    10.    [a]1,*   -—50.1°)* 

"      ......  f        5.     [<b  =-494  )' 

"     ......  /    -20.    d*1-  0.8115,     [*]3?  =  —  49  35°)  5 

'       .     .  .  /      10,    <P  -=  o  8845,     [ar]»  =  -  50  59  / 

For  menthol  of  American  origin  (Michigan),  Long  gives 
the  following  value*.,  holding  for  q  =  30  to  92  (l 

Melted  ....  rf«        oSSio.    /  =  46°,     [cr]/,  =  —  49.86° 
Alcohol  .....  t      20?     [a]4,    -—-  48247  —  ooi  r  108  y  —  0.00001870  g* 
Hen/em?      -     .  /      20°         •          —49511—0.025634^  —  00008403   q* 

-7-0.00001102^ 
G!ac  cicet.  acul  t      20-.        ••         —  47  711  —0006386^—  0000071420* 

Pet  natives  •  Carbonate,  tCu,H19),CO..  Mother-of-pearl-like 
crystals,  melting-point,  105°. 

Benzene  .....    p  -_  2  021      [uj-j  =  -  92  52°  7 

Uretkane,  C,HWO.CO.XH...  Rhombic  needles  ,  melting- 
point,  i65c. 

Chloroform  ........  /  =  0.58,     [<*]-{  =  —  85  11°  8 

5tfo?»M-  .-Irf/  ^foneestef  ,  COOH.C2H4  COOCIOH19.  Crystals; 
niel  ting-point,  62  = 


/  =  1-375,     [a]?,'  =  —  59  63° 
hieker  Krewers   Am.  Chem  J  ,  14,  291 

-  SUwnskj-    J  rasis  chem  G«  .  99,  rib 

-  Berkenhesm    Ber  d  cbem  Ges.,  as,  690 

-  Arth    Ann  cbim  phj«.    [6],  7,  435 

-  Beckmaan    Ana  Chem  ftiebjg},  ago,  337 

J  Am  Chem  Soe  ,  14,  149   Cbem  Centrlbl  .  1^92  II,  525 

irth    £A.  tit   p  470 
Arth    LnK-t.it  ,  p  464. 

%rth    £0t  ti          ^ 
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Succinic  Acid  Diester,  CtHt(COQC10H19),.      Rhombic  octa- 
hedra ;  melting-point,  62° 

Benzene p  =  1.87,    [a]~  =  —  81.52°  l 

PhthalicAcidMonoester,  C6H4  ( COOH )  ( COOCMHlf ) .    Micro- 
scopic needles ;  melting-point,  110°. 

Benzene p  •=  1.575,    O]£  =  -  105.55° « 

Phthalic  Arid  Diester,  C6H4(COOC10H19)V     Rhombic    crys- 
tals  ;  melting-point,  133°. 

Benzene p  —  2.006,    [«]~  --  —  94.72°  ' 

Benzoic  Acid  Ester,   C6H5.COOC10HJ9.     Crystals  ;   melting- 
point,  53°  to  54°. 

Benzene. .     .  p  ==  0.953,     [a]~  ~  —  90  92°  * 

Alcohol  . . .  .  p  =  20,        d»  —  0.8312,     [or]*?  =  —  86.41°  5 

Alcohol  ...   .  p  =  20,     [a:]/)  =  —  90.72°  « 

Goldschmidt  and  Freund7  prepared  the  following  derivatives 
from  menthol  ([a]D  =  —  50  i) 


> 

dt 

/       Mi. 

Phenyl  carbamic  acid  ester- 

56085 

I  4486 

20° 

-7721° 

o-Tolyl         "           •«       "    .        56157     !      14436 

21 

-65  SS 

>»-  "            "           "       "      •      55791           14428 

21  5 

-71  43 

P-    "            "           "       "    •  '     56i77     :      14437 

21 

—  7230 

<.  TschugaefP  has  made  the  following  determinations  • 


Vlenthj 
ii 

it 

it 
d 

09359 
09185 
o  9184 
09114 
0.9074 

09033 
09006 
08977 

propiouate      
«-butyrate    
«-valerate  
;/-caproate    ... 

—  7551 
—  6952 

—  6555 
—  62  07 
-5885 
—  55-25 

1  Arth    Loc  ctt ,  p  482 

-  Arth  •  Loc  ctt.,  p  488 

3  Arth .  Loc  ctt ,  p  486 

4  Arth    Loc  at ,  p  481 

*  Beckmann,  Pleissner .  Ann  Chem  (I^iebig),  362,  33 
s  Beckmann    J  prakt  Chem  ,  [11],  55, 17 

i  Ztschr  phys  Chem  ,  14, 397 
fc  Ber  d.  chem  Ges  ,  311360 
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,  C,0H1TOH. 

£.  liquid;  boiling-point,  213.7°  to  217.7°  j  rfw*3=  0.9189. 

Ojns  =  a.  48.4°  i 

b.  Crystalline  .    melting-point,     32°  ;    boiling-point,    120° 
(20  mm.). 
In  fused  condition,  [«]/>=  -j-  19.08°. 

Alcohol  ......  [tr]/i  =  -  85  53°  -' 


a.  Liquid  ;  boiling-point,  217.7°  to  220.7°  j  ^I"  =  0.9201. 

[*3V  =  -56.a0<1 

In  alcohol-sulphuric  acid  solution,  the  rotation  sinks  very 
rapidly  and  may  finally  disappear  entirely.* 

Boiling-point  .....  218°  to  223°,    rf°  =  0.961,    [a]/i  —  —  64  05  3 

b.  Solid  ,  melting-point,  32°  ;  boiling-point,  220° 
In  melted  condition  d*  =  0.9533,  Ca]*>  =  —  8°°- 

Alcohol  ......  [a]/>  =  —  92  32°  B 

Melting-point,  32°  ;  boiling-point,  215°  to  218°. 
[a]/,  =  —  117  5  • 

Derivatives    Formate,  C!nH,.OCOH.    Liquid  ;  boiling-point, 
l$5°to  138°  (40  mm.). 

d°  -  o.99$6,    [«]/!  =  —  69  25°  «• 

ISOPULEGOL.     Boiling-point,  91  °  (13  mm.  )  . 
d1'  "•  =  o  9154,    [or]  j:  s  =.  _  2  66 


°** 


j.  Amine  Bases 

I/-MENTHYIAMINS,  C10HJ9NHS.   Liquid  ;  boiling-point,  206° 
to  207°.     By  reduction  of  the  oxime. 

Alcohol  ......  p  —  10.78,    d*0  =  0.8749,    [a]/,  =  —  9  26°  10 

1  Flawitzkj     Ber  d.  chem  Ges  ,  a»,  1959 

*  Lafont    Ann  chim  phys,  [6],  15,  204. 
J  Flawitzky    Ber  d  chem  Ges  ,  12,  2355 

*  Flawitzkj 

*  Buefcardat,  I^afont    Compt  rend  ,  loa,  435 
'  Lafont  •  Ann  chim  phys  .  [6],  15,  iS6.  304 

'  Ertschikowskj    J  mss  chem  Gesta8,  33? 

*  Lafont    Bull  ,  49,  335 

a  T  lemann,  Schmidt    Ber  d  chem.  Ges  ,  39,  903 
lu  Xegoworoff    find  ,  as,  621 


CAMPHORS  AND  TBRPENES  623 

From  /-menthone  by  ammonium  formate.    I/iquid ;  boiling- 
point,  205° 

Alcohol c  —  12  7016,     [tt]^,  =•  +    8  22°  a 

Derivatives'  The  following  determinations  have  all  been 
made  by  Binz  . 3 

Hydrochlonde,  C10H19NH,.HC1.  Prisms  ,  melting-point,  189°. 
Water    ...     .  p  =  2  77,      d15  =  i  0022,      [«]$  =  +  17.24° 
Ether P  =  ijt,     d*    =073,         M87J  =  +   8.34° 

The  rotation  of  the  solution  does  not  change  on  standing. 

Hydrobromide     Small  needles ;  melting-point,  224°. 

Water p  —  r  30,      dli    —  i  03,      [or]#   =  -p  13.83° 

Ether    p  —  1.36,      du  '  =  o  729,     M"s  =  +   5  26° 

Hydroiodide      Crystals  ,  melting-point,   270°   (with  decom- 
position) . 

Water      ^  =  275,      rfu  3  =  i  009,     M$s=  + 11.79° 

Formyl    Compound,    C^H^NH.COH.    Crystals,    melting- 
point,  116°  to  117° 

Acetic  ether. . .  p  =  i  83,      dli    —  o  9132,  [a]£    =4-50  89° 
.^  =  1809,    rflj    =  09128,  [a] £    =  +  49.98 
Chloroform        /  =  5  39,      d*     =1458,     [or]*,    =+54.11 

•-    ^  =  5.36,      rf1     =^1459,     Mi    =  +  5396 
Methyl  alcohol  />  =  7  16,      rf11    =  o  812,     [a]£    =  +  63  30 

Acetyl  Compound,     Ci(,Hi9NH  COCHS      Pnsms  ,    melting- 
point,  1 66°  to  167°. 

Acetic  ether,      p  =  I  77,  rf"  =  0.9124,  [a]g  =  +  44  71° 

^  =  142,  rf10  =0.9132,  [«]»  =+4548 

Chloroform  ..    p  =  4.40,  ^  =  1.468,     [a]|,  =  +  50  57 

..    p  ^  i  89,  rf*  =  i  493.     M},  =  +  51  84 

Methyl  alcohol  />  =  5  39,  rfl(1  =  o  810,     [tr]™  =  +  48  80 

Propionyl  Compound,  Cj0H1(1NH  COC2H5.    Crystals  ,  melting- 
point,  150°. 

Acetic  ether       p  —  i  84,      du    =  o  9134,  [a]g    =  +  40.45° 
"     ••    £  =  1807,    d»    =0913,    [or]»    =  +  3956 
Chloroform        ^  =  5  51,      a?8     =  i  453,     [o:]^    =  +  45.14 
./>  =  27,       d8     =i.449,    Mi    =  +  46.48 
Methyl  alcohol  p  =  7.19,      flFJ     —  o  8125,  \a\9D    =  +  54.30 
1  Wallach,  Binz    Anu  Chem  (I,iebig),  376,  324 
3  Binz    Ztschr  phys  Chem  ,  la,  727 
J  Ibid ,  la,  727 
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Butyryl  Compound,  C^.H^XH.COC^..     Crystals;  melting- 
point,  105°. 

Acetic  ether...  ;>  =  i  78,      rfn  "'  =  0.9114.  O3/J5    "  —35-64° 
Chloroform  . .    f>  —  4  88,     rf8     -=  i  457,     [a]|,    —  —  40  59 

/-MEXTHYI.AMINE,  Liquid;  boiling-point,  204°.   d^—  o  8685. 
Alcoholic  solution c  '   [«]  'i  =  — -  33°  ! 

Boiling-point,  205°.    d~  =  0.860. 

Without  solvent [a]j,  =  —  38  07  - 

Alcohol    c  =  11.269,     [or]),  --  —  31.90  • 

Derivatives .   Hydrochloride      Crystals ,     decompose    above 
270° 

Water p  =  2  99.     rf1"  =  r  our,    [a]»  —  -  35  66° 

"    />  =  32        rf-1" --  o  998,    [a]g'=-  35-56 

Hydrobromide     Needles  ;  decompose  above  200°. 

Water p  --2  963.    d1-'  -  i  007,     [<*]**  =  —  29  32° 

Hydroiodidt.     Crystals  ;  decompose  above  200° 

Water p  = -  2  79,      </'-'  ---  1.009,     [^]"  —  —  24.72° 

Formyl  Compound.     Crystals ,  melting-point,  102° 

Acetic  ether-,    p  —  2  19,    dl(}  '  ~  o  913,     [a]1,/5  ~  —  76  44° 

"     .../i  =  2i7,    rf11    =09135,  [ajj*    =  —  76.49 

Chlorofonn  ..../>  =  5  25,    rf"      -^  i  457,     [a]*,    =  —  83.78 

....  I  =5  22,    rf"'  =  I  4555,  [fl:]^  =  —  82.97 

...  p=  i  39,    </-  '•  --..1.486,     [a]»,s  —  —  82  09 

Methjl  alcohol /»  — 7  44,    rfw    -08131,  [a]};    =  —  8343 

Acetyl  Compound.     Crystals  ;  melting-point,  143°  to  144° 

Acetic  ether.  .  p  —  2  16,    d1'    ~  o  9118,  [tr]1^  =.  —  76  27° 

"     •      /  =  2o6,    rf1-    ^=09117,  [a]g  -—7689 

Chloroform    .  .  p  —  5  36,    d"J      -  i  4525,  [«]»,  =  —  81.73 

-.../  =  5  34,    </in     -  i  4515,  [rf]>;    =  —  Si  90 

..../  =  i  48,    <f     =  i  483,     [a]^    _  _  82  29 

Metlnl  alcohol /»  =  2  52,    <f     3=0805,     [*")»,     =—8364 

"     />  =  73S,   ^I(t   =08133,  [«3i;  =-85.67 

Propionyl  Compound.      Crystals;  melting-point,  88°  to  89°. 

Acetic  ether...  p~  2  13,    rfn    --=0911.  [a]g  =  —  67.26° 

Chloroform p~  5.09,    d"     =1.462,  [a]s,  =—6753 

Meth\-l  alcohol  />  =  S  93,    d*     =  o  8148,  [or]*,  =  —  78  02      » 

Ethyl  alcohol-.  /  =  2  6,      £T     =  0.8045,  [«]?,  =  —  76.02 

t  Andres.  AndreefF    Ber  d  chem  Ges ,  35,  620 

-  Wallach,  Binz    Ana  Chem  i  LieHg),  276,  523 

s  Bin?    Zt«ichr  phys  Chem  ,  13,  728 


Butyryl  Compound     Crystals  ;  melting-point,  80°. 
Acetic  ether. ..  p  =  2  22,    d™    =0.9122,    [a]«    =—63.58° 
"  "   . . .  p  =  2.19,    cP  5  =  o  9119,    [<r]»5  =  —  64  75 

Chloroform p  =  4.47,    rf*     =1.464,     [a]*,    =-—7210 

"       ...;>=  2.69,    rf*     --=1479,     (Xb,    =-7087 

The  above  determinations  all  by  Binz.1 

The  base,  C^H^NjCl,  has  been  made  by  Wallach  by  treat- 
ment of  iso-/-menthonoxime  with  PC13  in  chloroform  solution. 
Melting-point,  59°  to  60°. 

Alcohol  .../>  =  2  17,    d-°  =  0.7975,     [«]»  =  —  186  35°  * 

4.  Ketones 
^-MENTHONE,    CJELO       From    menthol    by    oxidation. 

J  1U          13 

Liquid ;  boiling-point,  208°. 

rf12  =  0.9000,    [<r]g  =  -r  28.14°  ' 

Derivatives    Oxtme,  C10H18NOH      Thick  oil. 

Alcohol p  =  zo,    d^  —  o  8250,    [a]}?  =  —  4  85  4 

"        p  —  2o,    <f?  =  08199,    [**]/»  =  —  9  2I  J 

Oxtme  Hydrochloride,  CWHJ8NOH.HC1.  Melting-point,  95° 
to  100° 

Alcohol p  =  10,    d>  —  0.8170,     [aYD  =  —  24  48°  s 

Dibrommenthone,  C^HjgBr^O.     Melting-point,  79°  to  80° 
Tetrachlonde  of  carbon    ...  p  —  3.05,     [«*]/>  =  -f  199  4°  T 

/-MENTHONE.     lyiquid  ,  boiling-point  206.3°  »  20?  ° 

^°  =  o  8972,      [<t]z>  =  +  17  02°  (calculated  from  [a]^  =  —  21  16)" 
d11  —  o  8960,     [«]«  =  —  28.18°  ' 
rf-'4  =  o  8934,     [a]^  _-  —  27  67°  10 

Derivatives     Oxtme      Crystals;  melting-point,  58°. 
Alcohol . . . .  p  =  20,    rf30  =  o  8220,     [«]g  =  —  40  7  to  -f  42° 
"      ..  .  p  =  10,    rf20  =  o  7998,     [«]=?  =  -  42  51° 

1  Ztschr  phys  Chem ,  12,  727 

-  Wallach    Ann  Chem  (I/iebig),  278,  306 

3  Beckmann    Ibid ,  250,  338 

4  Beckmann    Loc  at 

'•  Negoworoff    Ber  d  chem  Ges ,  as.  62° 

«  Beckmann   Loc  at 

'  Beckmanii,  Eickelberg-    Ber  d  chem  Ges  ,  29,  418 

*  Atkinson,  Yoshida    J  Chem  Soc ,  41,  50 
9  Beckmann    Loc  at 

w  Binz    Ztschr  phys  Chem  ,  la,  727 
40 


Oxime  Hydrochloride.   Crystals  ; melting-point,  1 18°  to  1 19°. 

Alcohol P  =  io,    rf20  =  0.8175,     [*35?  =  -  6l'l6°  ' 

hooxime.   Melting-point,  119°  to  120°  ;  boiling-point,  295°. 

Alcohol ^  =  24,    </*  =  o827,    MS  =  -5»  «501 

TANACETONE  (Thujone?) ,  C10H180.  In  the  oil  of  Tanacetum 
vulgarezn& other  oils  Liquid  ;  boiling-point,  84.5°  (13  nim, ) . 
d'M  —  o  9126,  «D  for  2  dm  =  +  38  5,  from  which  |»  =  +  21  i°  8 

PULEGOXE  (Puleone),  C10H16O.  From  Mentka  pulcgium 
(polei  oil)  Liquid  with  boiling-point,  222°  to  223°. 

d*  =  o  9293,    O]}?  =  +  25  35° 4 
<p  _  o  g323i    [ff]=n  r=  +  22  89° 5 

Derivatives    Oxime,  CIOHMNO,.     Needles ;    nielting-pomt, 

157°. 

Alcohol     ..../  =  iof    rf-u  -  o  7998,     [a]?  =  -  83  44°  6 

Oxime  Hydrochloride,  C1BH10NOrHCl.  Crystals,  melting- 
point,  117° to  118° 

Alcohol     /-=io,    <P=- 0.8268,     [or]- =  —  32  43°  b 

Pulegone  Bromide,    C10HlrOBr.      Crystals,    melting-point, 

40.5°. 

Alcohol p  =  20,    rf»  =  o  8555,     [«]»  =  —  33  88°  7 

Oirwf ,  C10HhNOH  From  pulegone  bromide  Crystals  , 
melting-point,  84°  to  85°. 

Alcohol p  =  20,    d*  =  o  8277,    [«]»  =  —  34  53°  j 8 

"     /  =  lo,      "=  08114,         "    =  —  3515   1 

//-CARVONE   (formerly  known  as    carvol),    C10HUO       Iii 
cumin  and  dill  oils.     Liquid  ;  boiling-point,  224°. 
</«  5  =  0.960,    [<r]g  s  =  +  60.6°  • 


d*    =0959,     [a:]*  =  +  622 


zi 

O   1(1 


'  Bectmann    Loc  at 

^  Bmz    Ann  Cbem  (J,iebig),  377,  157 

3  Semmler  Ber  d  chem  Ges ,  35,  3344 

1  Barbier    Compt.  rend ,  114, 126 

•>  Bectmann,  Pleissner    Ann  Chem    (I^iebig),  263, 4 

*  Beckniann,  Pleissner 

*  Beckmann,  Pleissner    Loc  ctt ,  22 
«  Beckmann,  Fleissner.  Loc  at ,  27 

s  Flfickiger .  Ber  d  chem.  Ges ,  17,  Ref  35? 
in  Beyer   7*«f ,  16,  Ref  1387 


Derivatives  -  Hydrogen  Sulphide  Carvone,  CwHMO,HaS,  Crys- 
ds  ;  melting-point,  187°. 

Chloroform  ......  c  =  10,     [or]~  =  +  5.5°  > 

Oximc.     See  under  derivatives  of  /-limonene, 

/-CARVONE.     In  curled  mint  and  kuromoji  oils.     Liquid; 
oiling-point,  223  to  224°. 

d*  =  0.959,    [a]»  ==  -  62.46°  » 

Derivatives  •  Hydrogen  Sulphide  Carvone,  Crystals  ;  melting- 
ioint,  187°. 

Chloroform  ......  c  =  10,     [or]  3°  =  —  5  5°  » 

Oxime.    See  under  derivatives  of  ^-limonene. 


,  C18HSOO.     The  odoriferous  principle  of  the  violet. 
^iquid  ;  boiling-point  144°  (16  mm.). 

rf80  =  0.939,     [<?]/>  ==  about  +  42  6°  a 

C     CAMPHAN  GROUP 


C10H10. 


i.  Hydrocarbons 

Solid  ;  melting-point,  48°  to  49°  ; 
Doilmg-point,    160°   to   161°  ,''  melting-point,   51  2°  ;  boilmg- 
Domt,  161°  to  163°.* 
a.  From  oil  of  turpentine  . 

[a]/,   -+I76,     ([a:]y^  +  220)  • 

b  From  camphor  dichloride.  For  the  fused  substance  at 
'  ==  99.8°,  d  —  0.8345,  and  for  t  =  83.5,  a0  =  +  55.1°  in  a 
i  dm.  tube."  If  <a?B!1B  be  calculated  from  the  data  given  below 
For  /-camphene,  we  have 

rf«»  •   -.  0.8482,     [a]«fs  =  +  64.84° 
Melting-point,  57°  to  59°. 

[«]z>  =  +  44.2°  7 

1  Beyer. 

2  Tiemann,  Krilger    Ber  d  chem  Ges  ,  ad,  2680 
*  Wallach    Ann  Chem   (I^iebig),  ajo,  334. 

4  Kachler.  /Azrf.,  197,  96 

»  Berthelot    Jahresber  d.  Chem  (1862),  p.  44.1. 
0  Spitzer    Ann.  Ghent   (I4eblg),  >97i  I29 
T  Montgolfier    Compt  rend  ,  85,  ?86< 


c.  From  bornyl  chloride.     <XD  —  +  19.94°  for  fused  sub- 
stance in  i  dm.  tube  at  85°.     If  we  take  the  specific  gravity 
as  for  1-camphene,  we  have  : 

d®  —  o  8168,    |>]g  =  +  244°  ' 

d.  From  spike  oil.    liquid  ;  boiling-point,  156°  to  160°. 

[0:3,5  =  4-  29.10°  * 
Derivatives'.  Hydrochloride  ,  CJOHI8HC1. 

[<X\D  =  —  20  25°  » 

Ethykamphene,  C10H16.C2H6.     liquid  ,  boiling-point,  197.9° 

to  199.9°. 

dw  =  o  8709,     t  —  25°,     [flr]/j  =  +  7-2°  ' 

Isobutylcamphene,  C^^.C^.     liquid  j  boiling-point,  228° 

to  229°. 

d*°  =  0.8614,    /  =  21°,    [«]/,  =  +  7.4°  5 

/-CAMPHENE,  Terecamphene. 

a.  From  /-turpentine  hydrochloride  and  alcoholic  potash. 
Melting-point,  45°  ;  boiling-point,  160°. 

[«]/.=  -50  4°,    (M/--63)" 

Melting-point,  45°  to  48°  ;  boiling-point,  156°  to  157°.  For 
the  fused  substance  at  the  temperature  tt  d-  0.888  1  — 
0.000839  t. 

Alcohol  ----  q  —  62  to  90,     t  =  13  to  14°,     \oi\D  ~~  —  53.80  +  0.03081  q 
Thus,  p  —  20,     [«]y,  =  —  51.34°  7 

^.  From  citronella  oil.    Liquid  ;  boiling-point,  160°. 
c?13=:  0.864,    [^  =  ~67°« 

r.  From  kesso  oil.     liquid;  boiling-point,  159°  to  161°. 
JIS  =  o  871,    [a]zi  =  —  70  4°  • 

Derivatives'.  Hydrochloride,    C10H1B.HC1.     Solid;    melting- 
point,  147°. 

Alcohol  ......    p  =  10.5,     [or],,  =  +  30.25°  1() 

1  Kacbler   Ann  Chem  (I/iebig),  197,  97 


Bouchardat    Compt  rend.,  117,  1094 

*  Bouchardat  .  Loc  at 

*  Spitzer    Ann  Chem  (I^iebig),  197,  133 
5  Spitzer 

«  Berthelot:  Jahresber  d  Chem    (1662),  p  457 
T  Riban    Ann  chim  phys  ,  [5],  6,  357 
8  Bertram,  Walbaum    J  prakt  Chem  ,  [2]  49,  17 
11  Bertram,  Walbaum    Loc  cit 
»  Riban-  Ann  chim  phys  ,  [5],  6,  360 
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JFermate,   C10H16.CH2Oa      I/iquid ;    boiling-point,  125°    (40 

nm.) 

d°  =  i  0276,     [a]/,  =  +  10.3°  l 

Acetate,  CjoHjo.CaHjOj.     Liquid  ;  boiling-point,  123°  to  127° 

35  mm.) 

rf»  =.----  1.002,    [a]z>  =  -f  19.45°  * 

a-Camphene  Phosphonic  Acid>  2CIOHj8.PO9H!j  +  HaO. 

Alcohol \ct\D  =  ~  119°  " 

fi-Camphene  PhosphomcAdd,  CiaH18.PO8Hr     Melting-point, 

70°. 

Ether [ar]y,  =  — 71°  4 

aT-PiNENE,  rf-Terebenthene,  Australene,  C10H16.     Is  obtained- 

a.  From  American  oil  of  turpentine  (Ptnus  Australia,  P. 
zeda)  The  commercial  oil  shows  extremely  variable  rotation 
phich  is,  in  many  cases,  due  to  the  presence  of  /-  pinene  from  the 
outhern  spruce  pine.  For  the  common  oil  not  known  to  con- 
am  the  spruce  product,  there  was  found  [«]  a  =  -f-  9°  to 
[-29°  The  rotation"  decreases  regularly  on  fractionation. 
d»  --=  o  9108,  [cr]«  =  -|-  14  15°  ' 

b  From  Russian  oil  of  turpentine  ( Pinus  sylvestns,  P.  Abies) . 
Ahe  commercial  oil  shows  [>]/>  +  11.5°  to  17°  (and  sorne- 
imes  higher). 

For  the  pure  rf-pinene  there  is  given  : 

Boiling-point  156  5°  to  157  5°  ^U1  =08631,  [«]g  -H-36307 
"  1555°  "  1565°  •  d1* B  -^  0.8547,  [X1#S  =  +324OB 
"  1555°  "  1565°  ••  rfa"  =08600,  [«]»  =+32o09 

"'      161° [a]^==+  I7-I  -  19-4° ln 

"       156°  (corr  )  at  753  mm.  ct°  =  0.8746,  rf-°  =  o  8585 

[a]JJ=  +  45.o4011 
lrom  cumin  oil,  b.  p.  157°  to  158°  .     - .  ct*  =  0.8404,  [«]„  =  +  29  46° 1J 

i  Ivafotit    Ann.  chim.  phys  ,  |,6],  15,  149 

»  Iyafonl 

8  Marsh,  Gardner    J  Chem  feoc.,  65,  36.  • 

i  Marsh,  Gardner 

n  lyong.  J  Anal  Appl  Chem.,  7,  99  (1893) ,  Chem.  Ceutrbl ,  1893,  i,  835 

>  lyandolt,  Ann  Cbem   (I^iebig),  189,315. 

i  Atterberg  .  Ber  d  chem.  Oes.,  10,  1203 

«  Flawitzky    Ibid  ,  u,  1846 

s  Plawiteky  •  ZJ/rf.,  ao,  1956, 

»>  Berthelot-  Ann,  chnn,  phys.,  [3],  40,  5 

"  Flawitzky    J.  prakt  Cheni.,  [a],  4S>  "5 

»  Wolpian  •  Pharm.  Ztschr.  fttr  Russland,  3g,  145. 
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Rimbach1  found  for  the  influence  of  different  solvents 
turpentine  oil  having  |>]£  =  4-  34-8l°: 

Alcohol ?^  10  to  100,  /  =  2o°,  [g]/>=  34.351  —  f°_i  Iao* 

from  this  for  c  —  20,    [ft]/,  =  35. 63° 
<;iac,  acet  acid- ..  g  -=  10  to  100,  /  =  20°,  [ar]zj  =  34.^89  +  0.001746^ 

T  0.00033528  $H, 

from  this  for  c  -  20,    [a]/?  =  36.90° 

These  figures  are  given  for  the  rotations  of   the  oil  of  tu 
pentine  in  mixtures  of  alcohol  and  glacial  acetic  acid : 


Corap  of  the  mixture 

Turpentine  oil'         , 
in  ioo  parts  of  ,       a  ' 
solution       ,  Of  the  sol 
Per  cent 

M? 

of  tlieturp 
oil 

tilac  acid 
Percent 

Alcohol 
Percent 

848 

15  2 

202 

09653 

36790 

70 

30 

203 

0-9349 

3663 

SP 

5° 

206 

08949 

3^.44 

30 

70 

20.4 

1    08578 

36-i5 

J5 

85 

20  4 

08298 

3597 

Derivatives    Hydrockloride  >  C,((H,6  HC1     Crystals  ,  melting 


point   125°. 
Alcohol 


p  ~  28  7,      rf"  —  o  8496,     [trig  =  +  30.96 
/=I224,    d^  =  08147,     [a]g  =  +  3i23 


The  specific  rotation  calculated  from  this,  independent  o 
the  solvent  :s  • 

[a3..=  -raS79as 

Accordms?  to  Wallach  and  Conrad3-'  the  hydrochlonde  anc 
the  hydrobromide  are  inactive. 


30-5 


,  C,,tHItBr_,.     Liquid 

*;  -'  -5943,    rf-  =  I  5725,     C«]S 

d^  ---  i  1243,    [«]„  =  J.  7  04°  5 

According  to  Long.8  the  hydrochloride  is  active.  He  gives 
la]*  =  —  7.17=  abthe  value  obtained  in  experiments  with 
the  product  from  American  oil  of  turpentine.  When  the 


ZUckr  phys  Cfaem    9,  T 

*  Ftewiteky   J  prakt  Chem 

*  As»  Cbe»  (LielMK,  352, 


45, 


Let.  ui 
*  J  Am.  Chess  j«c  ,  ai,  «;: 


nature  and  sources  of  the  American  oils  are  considered,  it  is 
evident  that  this  value  cannot  be  constant.  An  explanation  is 
thus  given  for  the  discordant  results  of  different  observers  on 
this  point. 

/-PiNENE,  Tercbeuthene. 

a.  French  oil  of  turpentine  (Ptmts  pinaster,  Pinus  mari- 
tima).    The  commercial  oil  shows  [«]/>  =  —  25°  to  43°. 

b.  Venetian  turpentine  oil  (Pinus  larix).     For  the  com- 
mercial oil  \oi\o  —  —  4.2°  to  4  8°. 

c.  Templin    oil,    oil  of    pine   cones     (Pinus  picea,  Pinus 
Puinilio)>  \ot~\j  =  —  8.2°  l    dK  =  0.856,  atj in  i  dm.  tube=  — 
85.2,     [or],  =  —  98.8.     Rectified,    af  =-92. 5,     [«],  =  — 
I07.60.2 

d.  In  American  oil  of  turpentine   also,  /-pinene  has  been 
found  by  Long,*1  the  specific  rotation  of  which,  was  m  one  case 
found  to  be  [<*]/,  =  —  40  79°      The  /-pinene  in  this  case  was 
distilled  from  fresh  oleo  resin.     It  is  probable  that  much  of  the 
so-called  American  oil  contains  /-pinene. ' 

c.  In  Asarum  EuropaeumL  Boiling-point,  162°  to  165°. 
/^2o°,  [>]„=--=  —  25  i°." 

Boiling-point  161° .  •     • .   [a]/j  =  —  33  8,  ([a],       —  42  3°)  " 

"      161°.       ..      rf*  -         08629,  [a]*=  —  37or°T 
"      156°.               rfw     -        0.8685,       [a]/>      —  40  3° 8 

»     155°.     ...      d*  -=        08587,  [a  ]•-=-- 43  4° " 

[«]«        -  44  95°  lrt 

[«]/,  =-49i°" 

The  discordant  results  are  probably  explained  by  the  fact 
that  the  rotating  power  of  pinene  is  diminished  by  oxidation 
on  standing  in  the  air.  For  example,  Landolt  found,  with  a 
preparation  having  originally  [«]./>  =  -  37°,  a  rotation  of 

1  Jolly,  Buchuer    Ann  Cliem.  (X,iebig),  nti,  328 
»  Kluckigei,  Berthelot    Jahresber ,  1855,  p.  643 

J  J  Anal  Appl  Chem,7,  99(1^93),  Chein  Centrbl ,  i,  835  (1893) ,  J  Am  Chem 
Soc  ,  16,  844  (1894) 

*  J.  Am  Chem  Soc  ,  ai,  637 
o  Petersen    Inavig.-Diss  (Breslau),  Berhu,  1888 
«  Berthelot  Ann.  clnm  phys.,  [3],  4o,  5 
r  I^atidolt:  Ann  Chem.  (I,«toig),  1891  3" 
«  Riban  •  Anu.  chim.  phys  ,  [5],  6,  is. 
»  Flawitrky :  Ber  d  chem  Ges.,  la,  2357. 
1°  Bouchardat,  I,afont  •  Compt.  rend  ,  loa,  320. 
»  Bouchardat,  I^afout :  Ann.  chim.  phys  ,  [6],  id,  242 
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[«•]„  =  ~  35  7°  after  the  same  oil  had  stood  four  weeks  in  a 
flask  with  air  l 

With  increasing  temperature  up  to   150°  the  rotation  of 
turpentine  oil  is  decreased  according  to  the  following  formula 

[rt]/;  --  36.61   -  o  00444  * 

Derivatives    Hydrochloiide.     Crystals  ,  melting-point,  125° 
O30  =  -263°'' 
[«]/,  --306994 

Hydrobromide.     Crystals  ,  melting-point,  92°. 

[or]*  -   -  24.6°  - 
[a]/,  =  —  27  802°  '• 

Phthalinnde  Compound,   C^jCOj.N  C,,,Hn       Rectangular 
plates  ;  melting-point,  90°  to  100°. 

[*]*--   -35°38/T 

l-Isotcrebenthene,  ClMHlh.     Made  by  heating  /-turpentine  oil 
to  300°      Liquid,  boiling-point,  175°      a?-'2  =08416 
[a];,  --945°,    OL    --io87os 

Boiling-point,  177  5° 

/    -20°,     [a]/,  =  -838°" 


XE,  CSUH1(..     From  </-terpmeol  by  action  of  acetic 
anhydride.     Soiling-point,  178  3°. 

</--  08480,     [or]«  ^=-r  576011) 

/-ISOTERPENE,  From  /-terpmeol.     Boiling-point,  176  7° 
d»>  =  0.8529,    [a]-  =  -  47  5°  " 

Boiling-point,  179  3°. 

d?  =  o  8486,    O]^  ~  -  61  o°  1J 

l  Ann  Chem  (I,iebigj,  189,  311 
~  Gernez  Ann  EC  norm  ,  r,  i 
'•  Wallach,  Conrady  Ann  Cbem  (lacing),  aga,  156 

*  Peso    Ga*z  chim  ital  ,  18,  225 

*  Wallach,  Conrady    Loc  fit 
6  Peso    Lac  at 

'  Pesci    Gazz  chim  ital  ,  31,  i  to  4 

*  Rxban    Ann  chim  pbys  ,  [5],  6,  21^ 
9  Barbier    Compt  rend  ,  108,  519 

1    Flawitzky    Ber.  d  chem.  Ges  ,  ia,  2557 
"  Kunloflf   J  prakt  Chem  ,  [a],  45,  131 
ls  Flawitzkj    Bcr  d  chem  Ges  .  ia,  2357 
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/-FENCHENE,  C10HI8.     From   fenchyl  chloride  and  aniline. 
Boiling-point  —  I5o°-i54°,  dl*  —  0.8667 


2.  Alcohols 

Borneo    Camphor,  c?-«-Caniphol,     C10H1TOH. 
From  Diyobalanops  cawphora      Crystals  ;  melting-point,  198°  , 
boiling-point,  212°.     Gives,  ^-camphor  on  oxidation.  With  two 
different  preparations  : 
fl   Acetic  ether  ..........     c  =  15  4,        t  —  20°,     [«]/,   -=  +  38  S30)2 

?>        "          "    ^-=1754,   da"^  08876,    *^2o°,        "     -^  +  3845  J 

Melting-point,  263  ° 
Alcohol  .......  p  =  20,    of20  =  0.8280,    ^20°,     [OC\D  -=  -|-  37.44°  l{ 

Melting-point,  208.4°. 

Alcohol-  ...     c  —  15.4,     /!  -  15°  to  10°,     [tr]/j  =  -f  37.33°  ' 
Toluene  .  .  .  p  --  20,     [a]/)  —  -+  38°  1  3 
Alcohol...      /  -=  20,        "    —  -|-  37  ] 

(On  artificial  borneols,  isocampliols,  and  on  the  influence  of 
different  solvents  on  the  constants  of  rotation,  see  below.) 
Derivatives     Bornyl  Chloride,  C1(1HnCl      Melting-point,  157° 
Acetic  ether.    .  r  -    17  2,    t  =  20°,     [<*]/;  ~  about  —  23°  (> 

Ethyl  Borneol,  C1()H17  OC.H-.     Boiling-point,    205°  to  208° 
fl"1  =  o  9490,    OJ/j  =  -\-  26  3°  " 

Chloral  Borncol,  CC1..CH  (  OH  )  OCinHr    Melting-point,  55  °  to 
56° 
Ben/ene,  c  ~  15  07  ('/^mol.  in  i  liter),  t~  15°  to  16°,  \.a~\D       -f  30  13°  K 

Bromal  Borneol,  CBr8CH(OH)OC]0H17.     Crystals,  melting- 
pomt,  105°  to  109° 
Toluene,  i  -~  21  7  ('/a  mol  m  i  liter),  t  —  15°  to  16°,  {ci\D  =  +  52  409 

Acetate,  CH..CO  OC10H]7.     Crystals  ,  melting-point,  24° 
Alcohol  .  .  .  c  —  19  6,    t  --  15°  to  16°,     [or]y,    -  -|-  44  97°  "' 

1  Gardner  and  Cockburu  •  J  Chein  Soc  ,  73,  276. 
-  Kachler    Ann.  Chem  (lyiebig),  197,  HIS,  90 
•>  Ueckiuauu    Ibid.^  350,  253 
1  Haller    Ann  chun.  phys  ,  [6],  37,  394 
6  Beckmann    J  prakt.  Chero  ,  [a],  55,  31 

«  Kachler    Ann.  Chem.  {lyiebig;),  ip7i  95  f 

"  Bouchardat,  1/afont    Compt  rend  ,  104,  695. 
"  Haller    Ibid,,  na,  144. 
»  Minguin  :  /*/rf,,  116,  890, 
10  Haller,  /forf,  109,  29 
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Benzoate,  C6H.CO.OCWH17.  Crystals ;   melting-point,  25.5°. 
Alcohol c  —  25.8,    /  =  15°  to  16°,     O]z>  —  -r  43  92° l 

Neutral  Suctinate,  CjH.CCOOCjoH!.},.  Crystals;  melting- 
point,  83.7°. 

Alcohol c  —  39,    t  =  15°  to  16°,    [«]i,  =  -f-  42  05° ' 

Acid  Succinate,  C2H4.COOH.COOCinH,7.  Crystals  ;  melt- 
ing-point, 58°. 

Alcohol  . . . .  c  =  25  4,    t  =  15°  to  16°,    [»  =  -f  35  59°  ' 

Neutral  Phthalate,  CgHXCOOC^^j.  Crystals;  melting- 
point,  101.1°. 

Alcohol    • . .  c  —  43  8,    /  =  15°  to  16°,    [a]a  --  -f  79  54°  8 

AddPhthalate,  C6H4.COOH  COOC,nH17.  Crystals  ;  melting- 
point,  164.48°. 

Alcohol c  —  30  2,     t  —  15°  to  16°,     [a]/>  =  +  58.38°  3 

Carbonate,  CO(OC10H17),.     Melting-point,  220.6° 

[a:]/,  =  -  14  37°  4 

Borneol  Phenyl  Urethane,  C6H5NH  .  COOCinH17.  Crystals  , 
Melting-point,  1 37-75°. 

Toluene c  =  5  46,    t  —  15°  to  16°,    [«]#  —  4-34  22°  5 

/-BORNEOL,  Valerian  Camphor,  /-a-Catnphol.  From  valerian 
oil,  n'gai.  bang-phien  and  madder  fusel  oil.  Crystals ;  melt- 
ing-point, 204°  ;  boiling-point,  210°.  Yields  tnatncaria 
camphor  on  oxidation. 

Alcohol,  c  =  15.4,    t  —  15°  to  16° 

From  valerian  oil m.  p.  208.8°,     [<z]z>  =  —  37-77° 

"     n'gai "   "   2090,  "=  —  3777 

"     bang-phien "    "  2080,  "  =  —  3820 

"     madder "   "  208.1,  "=  —  378 

From  valerian  oil,  alcohol, ...  p  =  20°,  tF°  =  o  828°,  [a]^  =  —  37  74°  7 

Toluene    p  —  20,    [a]jj  =  —  38° 

Alcohol p  =  20,         "  =  —  37 

1  Haller    Loc  ctl 

s  Haller    Compt  rend.,  108,  410. 

a  Haller 

4  Haller .  Compt   rend  ,  105,  230 

3  Haller:  Ibid ,  no,  149 

*  Haller-  Ann  chim  phys,  [6],  27>395 

~  Beckmann  :  Ann  Chem.  (I,iebig),  ago,  353 

8  Beclcmann  :  J  prakt  Chem  ,  {2],  55,  31 
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On  the    rotation  in    different  solvents,    see  below  under 
>0-/-borneol. 

Derivatives:  Chloral  Borneol.     Crystals  ;   melting-point,  55° 
to  56°. 

Benzene c  —  15.07,    t  =  15°  to  16°,     [«]/,  =  —  30.13°  l 

Bromal  Borneol.     Crystals  ;  melting-point,  105°  to  109°. 
Toluene-   ..     t  -- 21.7,    t  ~=  15°  to  16°,     [or]/,  —  —  52  402 

Acetate.     Crystals ;  melting-point,  24° 

Alcohol. .  •  •  c  =  19  6,    j?  ==  15°  to  16°,     \a\D  —  —  44  02° 3 

Bensoate.     Crystals  ;  melting-point,  25.5°. 

Alcohol     .  •  c  -  -  25.8,    2?  -  15°  to  16°,     [or]/j  =.  —  44  18°  * 

Neutral Sucdnate     Crystals  ;  melting-point,  83.7°. 
Alcohol      .     c      39,    t      I50toi60,     [a]/>  — —  42  39°  ° 

Acid  Sucdnate.     Crystals  ;  melting- point,  58°. 

Alcohol  .   .-  C--254,    *    --I5°toi60,    '[«]/>    -  —  35-94°  ' 

Neutral  Phthalate.     Crykstalb  ;  mel ting-point,  101  i°. 
Alcohol  c  -  43  8,    /       15°  to  16°,     [orj/i    -  —  79  U0  ' 

y5f<r/rf  Phthalate      Crystals  ,  melting-point,  164  48°. 
Alcohol...     c      302,    t  -I5°toi6°,     [cr]/,x.   —  58  27°  4 

Carbonate      Crystals  ;  melting-point,  219.4° 
[a-]/,       -  44  i°  fi 

Borneol Phcnyl Urethanc.    Crystals;  meltmg-pomt,  137.25°. 

Toluene-     .  t  -  -  5  46,  •  t --- 15°  to  16°,    [a]/,  -_  —  34.79°  7 
The  following  determinations  are  by  I/.  Tsdmgaeff  . 8 

>  Haller.  Compt  rend,  112,  143 

3  Hinguin    Ibid,  116,  890 

»  Haller  •  /«&,  109,29. 

*  Haller :  toe.  ctt. 

6  Haller :  Compt.  rend.,  108, 410. 

«  Haller :  ^*zrf.,  105,  230. 

i  Haller:  Ibid.,  no,  149. 

*>  Her  d,  chem  Ges.,  31,  1775. 
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/-Borneol  formate '  1.0058 

"        acetate !  o  > 

"        propionate 

"        «-butyrate   i  09611 

«-valerate j  o  9533 

"        tt-caprylate 09343 


—  40  46° 

—  44  40° 


-  37  08° 
-3145° 


,  Isocamphol,  Isoborneol. 

Montgolfier1  and  Kachler*  obtained  mixtures  of  two  borneols 
by  action  of  alcoholic  potash  on  the  camphors,  of  which  one  is 
stable,  the  other  instable.  The  first  rotates  the  plane  of 
polarized  light  in  the  same  direction  as  does  the  camphor  em- 
ployed, the  second  in  the  opposite  direction  from  that  of  the 
camphor,  which  is  reproduced  also  by  oxidation  of  the  mix- 
ture. Haller3  finds  that  the  stable  borneols  which  he  desig- 
nates as  «-borneols,  are  identical  with  the  natural  borneols, 
while  the  instable  products,  or  yS-borneols,  are  isomenc. 
Further  peculiantes  are  shown  in  the  following  table  • 


Descnption 

r_,T                    By  oxidation 
lrt-U'         ,      there  is  formed 

f  or-borneols  i 

right-rotating  a    ,  —  37  to  38  ,    cf-Camphor 

1 

left-rotating     a 

—  37  to  38  !    /- 

" 

Active  1 

-j. 

1    p-borneols  ( 

right-rotatrng  j8       -f-  34            |    /- 

" 

*•  dsoborneols)  I 

left-rotating    ^3 

-34          |   d- 

«• 

f 

4.                                                                                   1 

a   and    a                             |l 

Inactive  borneols  . 

1     "     J 

....  r 

a     "      ft 

;  ^. 

" 

i 

l 

a     "      (* 

i  /- 

(C 

Haller  investigated,  further,  the  influence  of  different  sol- 
vents on  a-  and  ytf-borneol  and  found  that  the  rotating  power 

i  Ann.  chim  phys.,  [5],  14, 13,  Compt  rend  ,  84,  90,  and  89,  101 

-  Ann.  Cbem  (I^iebig),  197, 102 

*  Ann  chtm  phys ,  [6],  37,  414 


of  the  latter  is  changed  by  the  solvent,  while  that  of  the  first  is 
not  altered  except  by  methyl  alcohol. 

[a]/>  for  t  —  13°  to  15°  and  c—^^. 


Solvent 

Methyl 
alcohol 

Alcohol 

Isopropyl 
alcohol 

Isobutyl 
alcohol. 

Acetone. 

Ligroin. 

a-Borneol  .... 

—  3593 

—  3733 

—  37.23 

-3723 

—  37.87 

—  37.12 

0-Borneol  .  .  . 

—  30  oo 

—  3290 

—  33-33 

—  33-54 

—  22.94 

—  22  72 

i 

Solvent 

Acetic 
ether 

Benzene 

Toluene 

Xylene 

/-Methyl- 
propylbenzene 

a-Borneol  .... 

—  37-55 

-37-66 

—  37.87 

-37-66 

-37.66 

jsCBorneol  

.... 

—  1918 

-  18.93 

—  18.95 

-1897 

d-  or  l-Isoborneol 

Toluene p  =  20,     \a\D  =  qp  19° 

Alcohol ;*  =  20,          "   =qi330 

Derivatives  Chloral  Borneol.  Not  crystalline ;  melting-point, 
55°  to  56°. 

Benzene  .  -  /  =  15°  to  16°,    c  =  15  07,     [<x]D  =  —  56.40  * 

Borneol  Phenyl  Urethane.  Crystals  ,  melting-point,  130  05°. 
Toluene  or  alcohol t  =  15°  to  16°,  c  =  5  46,  [«]-»  =  —  56  77°  u 

flT-FENCHYL  ALCOHOL  (Fenchol),  C10HITOH.  Formed  by 
reduction  of  /-fenchone  Crystals  ,  melting-point,  40°  to  41°  ; 
boiling-point,  200° 

Alcohol p  =  9  902,    d21  —  o  809,     [«]jj  —  +  10  36°  4 

/-FENCHYL  ALCOHOL  Formed  from  ^-fenchone  by  re- 
duction. White  crystals  ;  melting-point,  40°  to  41°  ;  boiling- 
point,  201°.  d™  =  o  933 

Alcohol.   .  . .  p  —  12.91,    d19  =  o  812,     [«]«  =  —  10  35°  5 

</-CAMPHENOL,  C10H17OH  Boiling-point,  196°.  By  action 
of  glacial  acetic  acid  on  /-turpentine  oil,  [a]^  =  +  13.9° 

1  Beckmann    J  prakt  Chem ,  [2],  55,  31 
z  Haller    Compt  rend  ,115,  143 
J  Haller    Ibid ,  no,  149 

*  Wallach .  Ann.  Chem  (I,iebig),  273,  104 

*  Wallach    Ibid ,  263,  145 


/•CAM  PHENOL.     Boiling-point  about  205°      Formed 
the  ^-compound,  [or]     —  —  46.  9°.  l 


VMPHENOI,,  C^H^.OH.    Obtained  from  French  oil 
turpentine  by  heating  with  benzoic  acid.     Melting-point,  4^ 
*&~'  to  199".    \a\t,  =  -f  10.4.  J 


</-I*isuL  HYDRATE,  </-Sobrerol,  CJ()H16(OH).,     From  rf-t 
}*.jitine  oil      Monosymmetric  crystals  ;  melting-point,  15* 
\tcohol  ...........  c  —  5,    [<x\&  —  -i-  150° 

/-PINOL  HYDRATE,  /-Sobrerol.  From  /-turpentine  c 
Mon<  symmetric  crystals  ;  melting-point,  150°. 

\lcohol  ............  c  -5,    [rf]/>  -  —  iso0"5 

3.  Amines 

rf-BoKNYi.  AMINE,  C,  H^NH..  Melting-point,  158°  to  160 
lA*ihng-pomt.  ii>9~  to  2ooc. 

Ucohol  ......  p      125,    |»  =  —  18  6°  * 

Foriter  lias  recently  described  the  preparation  of  two  born 
a'nnie-  One  :s  left-rotating  and  corresponds  to  the  base 
Leuckart  and  Bach,  above.  This  he  designates  as  neoborn 
am:ne  The  other  he  calls>  bornyl  amine  and  is  nght-rotatm 
The  following  data  are  given  for  the  derivatives  of  the  lattei 


las*    c  JI-NH.  
Jleth\  1  fourn\  1  amine   

09075  (21°) 
08947(20°) 
08919(18°) 
O886l  114°) 
08902(15°) 

~  45-5° 
j   -  96.8° 

!  -1-  93-o° 
j  -^-890° 

,  +840° 
1  -  81.7° 
!  -r  62.5° 

—  21.8°  i 

+  462° 
+  810° 

+  754° 
+  72.0° 

+  633° 
+  648° 

+  487° 
-f  50.5° 

+  57-1 
+  959 
+  9°3 
+  871 
-f  Si  i 
+  803 

+  59-6 
+  626 

Ktiii  1  horn*  I  am:ne  ........ 

•j-Propv  1  borrn  1  amine  
i  St>  PrujA  1  bomj  1  amime    .  . 
But}  1  bornyl  amme  
Dimethyl  bomj  i  amine   .... 
Dielln  1  born\  1  amine    

Forrn  1  Twrnyl  amine  
Acdvl  hom\  ]  "mine  ---*,... 

... 

—  :  ,  

Boachardat,  Ufoat    Aan  chin  phys ,  [6],  9,  539 
•  BimclwnUt  JUfont    Coapt  rend  ,  113, 553 
Armstrong  Pope    J  ClMsn  800,59.315 
Leuetmrt  Bmch    Ber  d  chem  G«s ,  a«,  10* 
J  Clwra   Soc    73,  jSr    75,934  1149,. 
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Numerical  values  for  other  compounds  are  also  given. 

^-FENCHYI,  AMINE,  C10H1TNH2.  From  /-fenchone.  Right- 
rotating 

Derivatives  :  Benzylidene  Compoimd,  CJOH1TN  :  CHC6H5. 
Crystals ;  melting-point,  42°. 

Methyl  alcohol.. - .  p  —  2  63,    d19  =  0.796,     [or]«  =  —  62  1°  x 

/-FBNCHYi,  AMINE.  From  ^-fenchone  oxime.  Liquid  ; 
boiling-point,  195°.  d™  =  0.9095. 

Alcohol p  =  14  93,     d™  =  o  816,     [a]^  =  —  24.63°  2 

Without  solvent */9<5  =  o92o,     [a]?,5  =  —  24.89°  8 

Derivatives;  Formyl  Compound,  C10H17NH.COH.  Crystals; 
melting-point,  114°.  Shows  birotation  which  disappears  in 
twelve  hours. 

Chloroform  .   .  p  =  3.99,    d11  =  1.466,     [or]*,1  =  —  36  95°  4 
•  •  P  =  3  78,    d3  =  i  485,     [«]•  =  -  36.17°  5 


Compound  t    C10H,.NH.COCH,.       Crystals  ;    melting- 
point,  93°  to  94° 

Chloroform  .......  p  —  4  59,     aT'  =  1.475,     [a]^   -  —  46.62°  B 

Propwnyl  Compound,  CjoH^NH.COCjHj.    Crystals  ;  melting- 
point,  123° 

Chloroform  .....  p  =  5  o,      d*  —  1.463,     [a]|,  =  —  53  16°  )  7 
..../=  394,     rfi»  =  i466,     [^]^---52660j 

Butyryl  Compound,  C10HnNH.COC3HT.      Crystals  ,  melting- 
point,  77  5° 

Chloroform  ......  p  —  i  80,    dl  —  i  489,     [«]*,  =  —  53  08°}  7 


—  i  80,    dl  —  i  489,     [«]*,  =  —  53  08°}  7 
=  1793,    "   -=1488,          "    -  —  53-i4°J 


Benzyhdene   Compound,   C10H1TN  CHC6H5      Crystals  ,  melt- 
ing-point, 42°. 

Chloroform.     .      p  =  5.77,     d*  =  i  453,     [a]»,  =  +  73-23° 

^  =  57i,      "    =1455.          "   —-f7305c 

1  Wallach    Ann  Chem  (I,iebig),  aya,  106 
3  Wallach.  /Aztf,  363,  142 
*  Wallach,  Binz  ,  Ibtd ,  376,  318 
*.»  *  Wallach,  Binz ,  Ibid ,  376,  318 

>6  Binz .  Ztschr  phys.  Chem ,  la,  726 
'  Binz  .  Loc  at 
~  Binz 


o- Oxybensylidene  Compound,  CIOHI7N  -CHC6H4OH  Crystal? 
melting-point,  94°. 

Chloroform p  =  4  97,    &  —  I  471,     !>]$,  =  +  66  59°  j J 

^  =  249,    ar"'=i486,    [a]^  =  4- 65  99°  ) 

p-Oxybenzylidcne  Compound,  C10H17N  CH.C6H4OH.  Crys 
tals  ;  melting-point,  175°.  Shows  birotation  which  disappear 
m  eighteen  hours 

Chloroform.-.,  p  =  i  28,  d10  —  1.4905,  [«]£  =  4-  72  00°  l 

o-Methoxybenzylidene  Compound ',  C,0H17N  •  CH.C6H4.OCH, 
Crystals;  melting-point,  56°. 

Chloroform . . . .  p  •=  5.56,    &  =  14605,    [«]5>  =  +  58  98°  j l 
....  1  =  5.09,    rf»  =  i46o,      [«]j?^-4-5942°j 

p-Methoxybenzylidene  Compound,  C](,H17N:CH.C6H4.OCHo 
Crystals  ;  melting-point,  54°  to  55°. 

Chloroform ....  p~  4  97,    dH  =  1.4585,     [a]«  =  -f  78.10°') J 

Aminoterebenthene  Hydrochloride,  C10H1SNH,.HC1. 
[or]/,  =  -  48  508°  ' 

4.  Ketones 

</-CAMPHOR.  Ordinary  camphor,  Japan  or  laurel  camphor, 
C10Hi6O.  Melting-point,  178.6° ,°  boiling-point,  204°, 4  2091° 
•;corr.  at  759  mm. )  .5  Camphor  is  active  in  the  fused  condition , 
in  solution,  and  m  vapor  (see  §9)  but  not  in  crystalline  form 

Landolt6  investigated  the  rotatory  power  of  camphor  m  dif- 
ferent solvents  (see  §53).  The  specific  rotation  of  the  pure 
camphor  calculated  from  the  values  obtained  was  found  to  be, 
in  the  mean,  \a\ D  =  -+•  55.4°.  The  following  table  exhibits 
the  effect  of  different  solvents  and  the  mean  value  just  given 
is  the  basis  of  the  calculation.  The  data  refer  to  t  =  20°  and 
q  =  40  to  90. 

!  Binz 

•  Pesci    Gazz  chim  ital ,  18,  219  ,  Ber  d  chem  Ges  ,  22,  Ref  icfi 

-  Haller    Compt  rend  ,  105,  229 

*  I^ndolt 

s  Forster    Ber  d.  chem  Ges ,  23,  2981 
"  Ann  Chem  {I,iebig},  189,  333 
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Solvent 


Ben/ene    

Ethyl  alcohol 

Dimethylamhne  • 

Acetic  acid 

Methyl  alcohol 

Monochloracetic  ether. 
Acetic  ether 


55  40  —  o  1664  q 

55.40  —  0.1780  q  +  o  00037  <7* 

55  40  —  o  1428  q 

55  40-  0.13600- 

55  40  —  0.1630  q  -j-  0.00066  q1 

55  40  —  o  0620  q 

55.40  —  0.0480  q 


[«]/>  for 


f  42-3 
435 
44-0 

445 
466 

504 


We  have  also  the  following  additional  observations  • 

Kthyl  alcohol  ...     .  c—j  to  50,    tf  =  20°,  [a\D  =  41.982  -f-  0.11824  c  l 

/  =  2o,    /  =  2o°,  it™  —  08255,    [«]/>=  +  44  22°  » 

"       </  =50  to  95,  £  =  22.9°,  [<*]/>  =  51  945—  00964^8 

Alcohol  of  So  vol  per  cent. ,          c  —    2  6          10 

[a]y>— 4°9    39-25    38.65 
Chloroform c  =  5,     [«]/>  =  44.2 

Acetic  ether,     0-  =  48  to  90,  ^  =  20°,  [a]/j  = 

56  543  -  o  09065  q  |   o  0004005  q*  B 

Ben/ene          -   y  — -  47  to  90,  t  —  20°,   [«]/>  — 

55-99i  —  o  1847  ^  +  o  00026902  q1  6 

75  per  cent  acetic  ethei  -|-  25  per  cent  ben/.ene 

/  =  20,      dM  =  o  8907,     t  =  20°,     [«]^)=  +  50  12° 

50  5  per  cent  acetic  ethei    |-  49  5  pe:  cent  ben/ene 

/  — 203,    </'"   -09016,     /  -=  2ou,     [>]/>=   |   48.1° 

25  7  per  cent,  acetic  ethei  -\   74  3  per  cent  ben/ene 

/>--2o,      d-"~  08979,     if —  20°,     [«]/>-=   1-45.89°'' 

Ben/ene..  c  --  5  to  40,  t  --  20°  [tir]/,—  39  755  -[-  o  17254  r7 

On  the  quantitative  determination  of  camphor  in  solutions 
from  the  angle  of  rotation  observed,  see  Si 84. 

The  specific  rotation  of  benzene  camphor  solutions  increases 
with  the  temperature,  but  the  values  bear  no  simple  relations 
to  each  other.  Forster*  found 

i  IYawloIt    Her  tl  cheiu  Ges ,  ai,  191 

-  BecVnuum    Ann  Chem.  (I^iebiff),  350,  jsz 
J  Arncltseii ,  Ann,  chini  phys  ,  [3],  $4,  418 

*  Hesse    Ann  Chem.  (I/elng),  176,  119 
'•  Ruubach  .  Ztschr  phys  Chem  .  9,  698 
a  Rnnbach  .  /,»<-,  cit 

"•  Forster .  Her  d  client   Ges.,  33,  2gSr 
s  Lot    <  // 
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Temperature 

12° 

14" 

I6" 

IS' 

20n 

22° 

24° 

26° 

[ar]z)for^r—    9.997 

3976 

40  2O 

40.64 

4104 

4M5 

41.86 

42.23 

42.59 

Ol 

M           n. 

d4      o 

40     o 

41      o 

41     o 

•77       n 

l6 

[a]/>for  £—  19  988 

4254 

4288 

43.22 

4356| 

4385 

r~t 

IA.       n 

Mo 

a/L      o  ' 

2Q 

On  solutions  of  camphor  m  isovaleric  acid  and  caproic  acid, 
see  §56 

Arndtsen1  studied  the  specific  rotation  of  alcoholic  camphor 
solutions  with  different  lights  and  concentrations  and  found  : 
t  =  22  9°,  q  —  50°  to  95° 


Spectrum  line 


c. 

£>.. 


F 
e-. 


38.549  —  o  0852  q 
51  945  —  o  0964  q 
74.331  —  o  1343  q 
79.348  —  o  1451  q 
99.601  —  o  1912  q 
149.696  —  o  .2346  q 


Transformation  Products  of  d- Camphor. 


METHYI,CAMPHOR, 


< 


CH.CH, 


Crystals ;     melting- 


point,  37°  to  38°. 

Alcohol  ......  c  =  16.6,     [<r]/>  -=  H-  270.65 


ct-Compound.     Prismatic  crystals ;    melting-point,    92°    to 
92.5°  ;  boiling-point,  244°  to  247°. 

Alcohol \_cx\j  =  -f  9°°i     ([#]/.>  ==•  H-  72°  ' 

Alcohol [«]/'---  + 95  8°  from  5  per  cent  solution.'1 

See  the  same  paper  for  other  camphor  derivatives. 

1  Aim  chim  phys  ,  [3],  54,  418 
a  Ming-uin .  Compt.  rend.,  na,  1371 
3  Cazeneuve    Ibid ,  94,  1530 
*  Lowry  •  J  diem  Soc ,  73,  569 


Derivatives  :     Barium    Sulphonate,     (C10H14OClSO,),Ba  + 
51/,  H20.     Crystals.  ' 

Water ^=2081,     [a]™  =  -f  46.8° 

Sodium    Sulphonate,    C10HuOClSO8Na  +  sH8O.      Crystals. 
Water c=  2.010,     [«]£•= +64° 

Sulphochkride,    C^E^OCISO.^       Crystals,  melting-point, 
123°  to  124°. 

Chloroform     .  ..  £=4,  [#]^  =  +  no  5° 

Sulphonamide,  C10HjiOClSO2NH2.     Crystals  ;  melting-point, 
149.5°  to  150. 5°. 

Alcohol c  —  5.066,     [a]l^=-f  90  16°  l 

fi-Monochlorcamphor,      Crystals;  meltiwg-point,  100° ,  boil- 
ing-point, 230°  to  237°. 

["]/=-!   57°,     ([«]*  =  +  45-6°)  ' 

y-Mowhlorcamphor.      Crystals;    melting-pomt,     124°     to 
125°  ;  boiling-point,  220°. 

[«]„  =  +  40°  ' 

DlCHLORCAMPHOR,  C)0HUC1,O. 

(v- Compound.     Orthorhombic  prisms ,  melting-point,  96°. 
Alcohol  or  chloroform.     [«]  /  —  -\-  57  3°,     ([or]/)  —  +  45  8°) 

ft-Compound      Mass  of  crystals  ,  melting-pomt,  77°. 

Chloioform [«]y  =  +  6o6°,     ([«]/>=•  + 48  5°)!* 

Alcohol "     -  +  574°,     (      "      -  +  459°)J 

TRICHI.ORCAMPHOR,    C10H1,,C1BO      Crystals;  melting-point, 

54° 

Alcohol     ...  /»  =  4  57,    [«]  /  --  +  64°,        ( [a]/,  --  +  512° )» 

MONOBROMCAMPHOR,  C]0H1BBrO 

a-Compound.     Monoclmic  prisms  ,  melting-point,  76°. 

Alcohol [a]/j  =  -|-  139  o°  " 

"       "    —  +  [32  o07 

"      .     .  "    =-|-i277OH 

1  Kipping,  l»ope    J.  Chem  Soc ,  63,  "593 
a  Ca/-eneuve  •  Cotupt.  rend.,  94, 1530, 
J  Cazeneuve  •  Jbid ,  io9,  aag 
*  Ca/eneuve    Bull  soc  chlm.,  [21,37,454,38,8 
6  Cazeneuve    Compt.  rend  ,  99,  609 
»  Montgolfier    Ann.  chnn  phys  ,  [5],  14,  no 
r  Marsh,  Cousins ,  J  Chem  Soc  ,  59,  969 
,1  Haller,  Compt.  rtfnd ,  104,  66 


Derivatives:    Sulphonic  Acid,   C10HuBrOSO8H.      Crystals, 
melting-point,  195°  to  196°. 

Water-  .......  £=2577,    [«]#  =  +  88  a7° 

Potassium  Sulphonate,  C]0HuBrOSOsK  +  il/,HA     Crystals. 

Water  .........  c  =  4  9™>     [Oj?  =  +  7*  44°  (hydrated) 

"  =  ~f-  76  96°  (anhydrous) 

Sodium   Sulphonate,    C10HuBrOSO,,Na  +  5H20.     Crystals. 

Water    .....      c  =  4  13°,     Wo  =  +  63  :°  (hydrated)    j1 

"  =  -)-  So  2°  (anhj'drous)  ) 
Water  ......     c  =  4  2°S  (.anhydrous  )  ,     [or]  «  =•  +  88  53°  " 

Ammmutm  Sulphonate,  cySuBrOSO,NH4      Crystals 
Water  ........  t  =  4  600,     [or]},  =-  +  84  78°  '' 


Barium  Sniphonate,  (C10HuBrOSO8)2Ba-f-5VaH20.  Crystals. 

Water  ........  c  =  5-893,     [«]i  =  +  64  23°  (hydrated)    j  s 

"  =  -f  72  5°    (anhydrous)  ) 

Magnesium  Sulphonate,  (C18HltBrOSO,)1Mg      Crystals 
Water  ......  ff  =  4  758,     [«]«     --  +  27  9°  ' 

Sulphochloride,  C10HvBrOSO4Cl       Crystals  ;  melting-point, 

136°  to  137° 

Chlorofoim.     ..  £  =  5487.     [«]'/!  -  "I    '31°  !1 

Sulphonaimde,  CwHltBrOSO,NHr     Crystals  ,  melting-point, 

145°. 

Alcohol     .....  c  =  4  596,     M  =  -H  "2  4°  ' 

fi-Monobromcamphor     White  powder,   melting-point,   61°  ; 
boiling-point,  130°  (lomm.) 

Alcohol  ......     c  ~  8.497,     [«]/>  =  +  29  4°  6 


Derivatives     Sodium  SulpJwnate,  C^HnBrOSOaNa  +  2H2O. 
Water  ........  c  —  3  422  (anhydrous),     [cr]^  --    |-  12.2° 


i  Kipping,  Pope    J.  Cheni  Soc  ,  63,  586 

-  Marsh,  Cousins  :  I*oc  at 
3  Kipping,  Pope 

*  Marsh,  Cousins 

»  Marsli,  Cousins,  J  Chem  Soc  ,  57,  SaS 
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Ammomum  Sulphonate,  Cjo 

Water  .........   \_a\D  —  +  82°  ' 

y-Monobromcamphor.  Crystals  ;  nielting-pomt,  144°  to  145°. 
Alcohol  ...........  £  =  5.5,    [a]z>  =  +  40°  * 

MONOIODOCAMPHOR,  C10Hi8IO.     Prisms  ;  melting-  point,  43° 

to  44°. 

locja  =  -f  160  42°  s 

CHI^ORBROMCAMPHOR,  C10HuClBrO. 

a-  Compound     Prisms  ,  melting-point,  98°. 

Chloroform     .......   \a]j  =  +  78°,     ([a]/,  =  +  62.4°)* 

fi-Coitipound.     Crystals;  melting-point,  51.5°. 

[«];  =  +  5i°,    ([«]/>=  +  40.8°)  5 

For  determinations  on  the  halogen  derivatives  of  camphor, 
see  Marsh  and  Gardner  8 

NlTROCAMPHOR,  C10HI5NO,O 

K-Compound       Monoclinic  prisms  ;  melting-point,   100°  to 
101°. 

Alcohol-          p-      3  33,  \ct~\j  -=  —      75,  \a\D  —  —     6.0° 

Benzene       •  p  —   o  5,            "   _~  —  140,  "    =  —  1126 

Chloroform     /=   0676,         "   —  —  140,  "    =—1126 

"           p  =   5206,         "   =  —  102,  "    =  —    965 

"           ^  =  19978,         "   =—    98,  "    =—    788 

For  a  lengthy  study  of  nitrocamphor  and  derivatives,   see 


Derivatives     Sodium  Compound,  NaC10HuNO2O 

Water         .       \oc\j  -  +  289,     (\a\D  --=  +  232  5°) 

Zinc  Compound,  Zn(C]0H14NOaO)2H!!O 

Alcohol..       .    [or]y  ^  -f-  275°,     ([or]0  =  +  221  2°) 
Quinine  Compound,  C^H^NjO^C^H^NOsCOjHjO. 

Alcohol     .     .^=272,     [a]y=  +  4S9°»     ([«]/»  +  3^  9°)9 
1  Marsh,  Cousins    J  Chem  Soc  ,  59,  976 

*  Cazeneuve    Compt  rend     109,  439 
1  Halle    Dissertation,  Nancy,  1879 

*  Ca/cneuve    Bull  soc  chnn  ,  [2],  44,  116, 

*  Cazeueuve    Ibid  ,  [a],  44,  120 
0  Chem  News,  j4,  279 

"  Ca/eneuve  •  Compt  rend  ,  103,  275  ,  104,  1522 

8  J  Cheni  Soc  ,  73,  986  and  75,  ai6 

9  Cazeneuve    Bull  soc  clrim  ,  49,  '92 


U*    KU1AJL1UJV    UJ?    ACTIVE    BODIES 

^'Compound.    Microscopic  plates ;  melting-point,  83°  to  84°. 

Alcohol />  =  333,     [«L  =  -r    7-5,     ([«]/>  —  +    S-o0)!1 

Benzene /=--333,         "  =  -75,        (      "    =  —  60.3°)  j 

OT-CHLORNITROCAMPHOR,  C10H14NOjOCl.   Prismatic  needles; 
melting-point,  95°. 

Alcohol OL  =  —  6.3°,    ([<rfc>=  —  5°)2 

BROMNITROCAMPHOR,    CMHuN02OBr.      Prisms,   melting- 
point,  104°  to  105°. 

Alcohol f=i,    \cc\j~~  27°,     ([<]£>=— 21  7°  )8 

CAMPHONITROPHENOI,,  C,0HHN(XOH.    Crystals;  melting- 
point,  220°,  with  decomposition. 

Alcohol    c—i8,    (XJs  =  +  10°  4 

Acetyl  Derivative,   C10HI4NO2O  C,HSO.     Crystals  .  melting- 
point,  115°,  with  decomposition. 

Alcohol c=2,    [or]/3  =  +  4  25°  6 

NITROSOCAMPHOR,  CIOH,5(NO)O.     Crystals  ;  melting-point, 
about  1 80°,  with  decomposition. 

Benzene c  =  o.Si,    \_cc\D  =  -f-  195°  ° 

CAMPHORSULPHOCHI.ORIDE,    C10H15OS02C1.      Tetrahedra ; 
melting-point,  137.5°. 

Chloroform c  =  5.349,     /  =  14°,     [a]^  =  +  128  7° 

CAMPHORSUWHONAMIDE,  C10HlaOSOsNH2.     Crystals  ,  melt- 
ing-point, 136°  to  137°. 

Alcohol £  =  2252,    t  =  i3°,     \_a]D  =  +  93  6°  7 

CYANCAMPHOR,  CIOH15OCN.     Crystals,  melting-point,  127° 
to  128°. 

Toluene [a]D  =  +  44  68°  8 

"        •    •••        "  =  +  34.409 

1  Cazeneure    Bnll  soc  dum.,  47, 923 ,  Compt  rend.,  104, 1522 

*  Cazeaeuve    Compt  rend ,  96, 589 
3  Cazeneuve .  Bull.  soc.  chim ,  43, 69 

*  Cazenettre  •  Compt  rend.,  108,  303. 
5  Cazeneirve    Loc.  at 

*  Cazeneuve    Compt  rend.,  108,  857 

*  Kipping.  Pope :  J.  Chem.  Soc ,  63, 564 

*  Haller   Biseertation,  Nancy  1879 

*  Haller    Compt  rend  ,  115, 98  • 


Derivatives  •  Methyl  Compound,  C10HUOCN.CH8.    Oil;  boil- 
ing-point, 170°  to  1 80°  (36  mm.). 

Toluene   c  —  +  9  55,     WD  =  +  107.69°  l 

Haller  and  Minguin2  have  recently  isolated  two  isomeric 
cyanmethylcamphors  with  the  following  characteristics  : 

^-Compound.     Melting-point,  63°  ;  [«]/>=+  150-8°. 

a-Compound.     Oil,  from  which  crystals  with   melting-point 
38°  to  45°  separate.     [«]/>  =  +  9°- l0- 

Ethyl  Compound,  C10HuOCN.CaH6.     Oil ;  boiling-point,  163° 
to  165°  (21  mm.). 

Toluene  c  =  10  25,     [«]/>  =  +  120.71° 

Propyl  Compound,   C10HUOCN. CSH7.       Crystals;   meltmg- 
pomt,  46°  ,  boiling-point,  140°  to  150°  (20  mm.)- 
Toluene c~  10.95,     [a]y>  =  + 126.16° 

Bensyl   Compound,    C]0HUOCN.C7H7.      Crystals,   melting- 
point,  58°  to  59°. 

Toluene.-     .    c=  13-35,     [<*]/>  =  +    93-62 

o-Nitrobemyl    Compound,   C10HUOCN  C7H6NO2.      Needles; 
melting-point,  104°  to  105°. 

Toluene c  —  15.6,      |»  =  +    68.37°  x 

CAMPHOR  PINACONE,  C20H8A     Melting-point,  157°  to  158°. 

Benzene ^  =  23,        rf- =  o  9089,     [a]^°  =  -  27  03°  j 8 

««     ^=,1162,      "  =  0.8949,         "—  —  2613°) 

Derivatives-.  Chlor  Pinaconan,  C20H81C1.    Melting-point,  75°. 

Benzene P  =  25  47,    <  =  0.9105,     [«li,8  =  +  44- »7"  j * 

«•     ^  =  74.08,      "=0.9436,         "=  +  46.50°) 

ot-Methyl  Ether,  CJH.O.CH,.     Melting-point,  47° • 

Benzene P  =  14  15,    d?  =  °  8898,    [«]J  =  -  7*.M°  )s 

««       ^  =  56.26,      "  =  0.9123,          "  =  — 81.80   J 

(S-Methyl  Ether,  CaoH38OaCH8.     Melting-point,  67°. 
Benzene p  —  21  70,    rfa4°  ==  0.8935,     [«]?  =  —  r33.5o°  ° 

1  Haller    Compt  rend  ,113,  SS- 

2  Compt  rend  ,  118,  690 

"«  fieclcmann    Ann.  Chem.  (X,ieblg),  apa,  i. 
<  BeCkmann,  p.  7. 
»  Beckmann,  p.  n. 


CAMPHOROXIME,    CIUHIg:NOH       Monosymmetnc  prisms; 
melting-point,  115°. 

Alcohol    ......    p--=io.      </s"  =  o835,     [«]««  =  —  42  40° 

"     ........  />—  8.3,     "  =0812,         "=  —  41.38° 

Hydtocfihnde,  C,0H,6:NOH.HC1      Crystals  ,  melting-point, 
162°,  with  decomposition 

Alcohol  .....    /  _=  S  3,    </-•"-  o  8185,     [or]"  =  —  43  98°  ' 

d-Camphotsitlphonate,      C10H16X.OH  C10HI5O.SO3H  -f-  H,O. 
Long  needles. 

Alcohol  ........  c  =  1.7508,    [ar]=5  =•  4-  4.3°  - 

See  Forster  on  the  ester&  of  camphoroxime 

CAMPHORDICHLORIDE,  C10H,6C1,     Needles  ,  melting-point, 
155°  to  155.5° 

Acetic  ether  .....    c  ~  22  34,     \OC]D  =  —  16°  * 

CHI.ORALCAMPHOR,  Cu,HJfiO.CCl,CHO 

[<r];,  =--_  143- 

CHLORALHYDRATE  CAMPHOR,  CwH]bO  CC1,CHOH2O   Thick 
liquid 


CHLORALALCOHOLATE       CAMPHOR,       C]0H1(O  CC1,CHO 
CH.OH 

d~  i  1777.    [«]/»  -=  J-369011 

BENZYI.CAMPHOR  BROMIDE,  C,.HaBrO.   Melting-point,  82° 

[«]•>  =  -  37  7°  7 

BE.VZYLCAMPHOS  DIBROMIDE,  C17HHlBr,0      Melting-point, 
92  c 

[or]n  =  —  6i0?= 

MONOCAMPHOR  PHENOL,  C,,H6(X  CMHMO    Liquid  ,  at  —  23°, 
crystals 

</fl  =  i  0205,    [orjz>=  -7-  20°  a 

1  Beckrjtai-i     inn  Chem  f  LietagJ  »so,  3,2 
5  Pope    J  Chera   Soc,75,  'io- 

-  J  Chen:  Soc    71,  1050 

-  Spitze-    Ber  d  chem  Ge>    u,  liic, 

-  Pa><hki-  Oljenoarer    Pharm  Post,  a  i,  741 
Zeidler    Wien    ikad  Ber    a  AUh  ,  76,  253 

"  Halle*   Minium    Bui!  soc  chim    [;,],  15,  gSS 

"  Haller  Mingii'n 

1  I.£ger    Co-apt  rend  ,  in,  iog 
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HEMICAMPHOR  PHENOI,,  2C6HflO.Ci0H16O.  Liquid  ;  at  —  50°, 
crystals 

d°  =r  1.040,      [«]/>=  +  10.1°  l 

MONOCAMPHOR  REsoRCiN,  CaHflO,.  C1()H16O.    Crystals  ;  melt- 
ing-point, 29°. 

Alcohol  ......  £=25.1,    [#]/)=  -|-  22  i°  1 

DICAMPHOR  RESORCIN,  CgHaOj.sC^H^O.      Sirup;  at  o°, 
crystals 

rf»  =  io366,     [«]/>=  +  as  IS01 

ff-NAPHTHOi£AMPHOH,  C10H8O  C10HMO      Sirup  ;  at  —  16°, 

crystals 

rf°    =10327,    [a]/)  =H-io.i01 

yS-NAPHTHOi^CAMPHOR,  3CluHa0.5C10HJBO.     Liquid 
rf°  ~  i  0396,     [or]/,  =  +  22  i°  > 

SAUCYLIC    ACID    CAMPHOR,    C^O,,  2C,()H1BO      Crystals  ; 
meltmg-pomt,  60°. 

Alcohol  ........   c      20  S,     [a]/5    -  H-  27.05°  ' 

CAMPHANIC  ACID,  C1()HuOt 


CAMPHINIC  ACID,  CnH^COOH      Tough  mass 

[a]/.     -  -I    15  75°  ' 

CAMPIIOI.IC  ACID,  C7HnCOOH      Melting-point,  105° 
[a]  ,       -|-  49°  8'  l 

ISOCAMPHOUC  ACID  ETiiviv  KsTRR,  C,,H17COOC2HS      Boil- 
ing-point,  228°  to  229°. 

rf"      09477,    [«]/»  -  H-2:s06 

CAMPHOCARBOXYI.IC  ACID,  C1(1H](iO,,.    Melting-point,  1  28  7°. 
[«•]/)        I   66.75°" 


-  Abchan    Act  hoc  scient,  fenmce,  21,  Ni   ^  \t  i 
3  Montgolfier  •  Ann  ehun  phys.,  [5],  14,  7° 

*  Moutgolfiei    hoc  rit 

o  Gaerbet-  Bull  soc.  chim.,  [3],  13,  769. 
11  nailer    Coiupt  rend  ,  105,  229 


Derivatives:  MethylEster,  CnHI3O(CHv    Boiling-point,  155° 
to  160°  (15  mm,). 

Alcohol  .  .........  <r  ---  21,     [a\i>  —  -f  61  9°  * 

Methylcamphocarboxylic  Acid  Methyl   Ester,    Ci,H17O3CH3. 
Melting-point,  85°. 

Alcohol  .....  c—  ii.2,    [nr]^>  =  ~  17.25°  2 


Ethyl  Ester,  C^.O^'H...     Melting-point,  60°  to  61°. 
Alcohol  .......  c  —  ri  9,    [«]/>  =  +  13.8°  2 

OXYCAMPHOCARBOXYLIC    ACID,     C,HMCOOH.CH,COOH. 
Melting-point,  234°. 

Derivatives:    Methyl     Compound,    C.HJ4COOH  CH(CHS). 
COOH.     Melting-point,  175°. 

[a]z>  =  -*-  2631°' 

Monethyl  Ester,  C,HUCOOCSH-  CHaCOOH.     Liquid;  boil- 
mg-point,  228°  to  230° 

[*]*=-  51  »e* 

Diethyl  Ester,  aH14COOC2H3.CH,COOC.H5.    -Liquid;  boil- 
mg-point,  220°  to  230°  (i6omin.  ). 

Alcohol  ............  c  =  27  o,     [a]z>  ~  —  49  6  to  +  50  6°  "' 

Monobenzyl  Ester,  C^^OOC.H-.CH.COOH.     Oil  ,  boiling- 
point,  250°  to  275°  at  10  mm 

Alcohol  .........  c—  7.6,    \ci\D  =  -5262°° 

Dibenzyl  Ester,  aHuCOOC7H..CHaCOOC.H..    Thickliquid  , 
boiling-point,  260°  to  269°  at  10  mm. 

Alcohol  ........  c  =  9.85,     [ar]j>  =  -  35  5°  7 

Mononitrile    (Cyancampholic   Add},    CsH14COOH.CHaCN. 
Crystals  ;  melting-point,  164°. 

Alcohol  .........  c=  19.5,     [ar]^  =  -f  64.61°  8 

1  Minguin    Compt  rend  ,  112,  1369 

*  Mmgura 

*  Haller  and  Mmemn    Compt.  rend  ,  i  iS.  691 

*  Haller,  Minguin    Compt  read  ,  no,  JJ.Q 

*  Haller,  Minsrtiin. 

*  Hingain:  Compt  rend,  113,  1454- 
"  Mmgnin 

*  Mmgum  :  Compt.  rend  ,  113,  51 
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*.««**,  Etkyl   Ester,   C.H,.COOC,H8.CN.       Rhombic 

crystals;  melting-point,  57°  to  58°.  ^ 

Alcohol <r=223,     1XU>  =  +  S7.7 

JfeMHrtb,  B^yl  Ester.  CttHuCOOC7H,.CN.  Crystals; 
melting-point,  70°  to  71°.  a 

Toluene *  -=  28  5,     [«]*  =  + 4*  8° 

MonomtnU,  Phenyl  Ester,  CHHUCOOC6HS.CN.  Boiling- 
point,  267°  to  270°  at  40  mm. 

Alcohol c=  37.1,     [*]/>  =  +  26'66°  * 

Mononitrile^-Naphthyl  Ester,  C8H14COOC10H7.CN.  Crystals; 
melting-point,  117°. 

Toluene c  =  32.1,     [ar>  =  +  17-1°  * 

Monamvle,  C8HUCOOH.CH2CONH2.     Melting-point,   205° 

tO  206°.  ,    A     _0 

Alcohol ^=9.18,     [a]/j=  +  635 

^-CAMPHORIC  ACID,  C10H1604.  Formed  by  the  oxidation  of 
ordinary  camphor  by  nitric  acid.  Monoclimc  crystals.  The 
statements  concerning  the  melting-point  vary  between  170° 
and  188°  Thus,  188°  (Friedel);5  187°,  corr.  (Riban).6 

Hartmann7  has  made  many  observations,  the  results  of  which 
follow 


Solvent 

[<X\D  for  /  =  20° 

l,imits 

[«]/j  for 
j*  =  i5 

Abs  alcohol  •  •  •  -I 

47  178  +  001174^ 
48352  —  0.011745- 

p  =  l7      to  43 
q  =  57     to  83 

|  +  47  35 

Acetone  ....-: 

50  689  +  0.00835  p 
51524  —  0.00835'  q 

p  =    8      to  15  5 
5-  =  84.5  to  92 

[•  4  50  81 

„,            ..       .j  f  !   45  921  +  0.04904  p 
Glac.aceHcacu^l   ^  ^  _  Q  ^^  g 

p  —    6     to  16 
^  =  84     to  94 

|  +  46  66 

i 

.. 

Derivatives-  Salts.  Hartmann  made  the  following  deter- 
minations with  aqueous  solutions  at  t  =  20°.  The  values 
for/  refer  to  the  anhydrous  salts  : 

l  Haller-  Compt  rend.,  109,  68 

*  Mingum :  Ibid ,  na,  51 
>  Minguin    Ibid.,  na,  101 

*  Minguin    Ibid,  na,  103 

*  Compt  rend  ,  108,  984. 
«  Ilnd.,  So,  1381. 

i  Ber  d.  chem  Ges ,  ai,  223 
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Salt 

MS 

limits 

|>]/j  for 

>==  10 

I*CMHU04-   .. 

I 

17.750  +0.23257;» 

41  007  —  0.23257  q 

p  —  13  to  25 
q  =  75  to  87 

1  +  20.08 

( 

14.778  +  021288^ 

p-=.  ii  to  37 

|     ,    j6 

Naj,                •  •  •  • 

\ 

36066  —0.21288  q 

q  =  63  to  89 

} 

K,          "      .••> 

J|    13081  +  0.13994  / 

p  =  19  to  43 

}  +  14  48 

| 

27  075  —  o  13994  q 

<7  =  57  to  8  1 

J 

(NH4)2'<     •   -. 

| 

16447  +  o  14242  p 
30.689  —  o  14242  q 

p  —  ii  to  37 

q  •=  63  to  89 

}  +  17.87 

Mg        "      .... 

{ 

1  7  824  +  0  18779  P 
36  653  —  o  18779  (7 

p  =.   8  to  16 
q  =  84  to  92 

|  +  19  70 

Ca         "     .... 

I 

16457  +  o  "286  p 
28  733  —  o  12286  q 

p  =   3  to    6 
q  =  94  to  97 

|  +  17-69 

Ba         "      .... 

I 

10  908  +  0.12980^ 
23  888  —  o  12980  q 

p  =  18  to  36 
q  =  64  to  82 

i   -|-  12  21 

Observations  by  Thomsen1  agree  very  well  with  these  data. 
He  determined  the  specific  rotation  of  sodium  caniphorate 
also,  and  the  effect  of  addition  of  excess  of  sodium  hydroxide 
solution 

L,andolt2  gives  the  following  figures  • 
Watei.   .  jf  =  20°,  CuHjAKj  c  —  4  to  16,     |»  =  14  39  +  o  06  c 

11    .  .  j?  =  2o,          "       Na2          t  =  2  to    9,         "  =  16.62  +  0.06  c 

"    ...*-.=  20,          "       (NH,)j    c==4toi7,          "=1698  +  013^ 

Esters.  On  the  nomenclature  of  the  camphoric  acid  esters, 
see  Bruhl  and  Braunschweig.8 

al-Methyl  Ester,  C8HU.COOH.COOCH,,.  Melting-point,  85° 
to  86°  ;  boiling-point,  193°  (15  mm.). 

[a]/,  =  '+  43-  55°  4 

o-Methyl  Ester,  C8Hlt  COOCH,  COOH.  Melting-point,  75° 
to  76°  ;  boiling-point,  199°  (15  mm.) 

[a]  y  =  +  5i  52°  ' 

Dimethyl  Ester,  CKHU  COOCH,  COOCH,  Boiling-point, 
264°  (738  mm.)  ;  149-5  C"  nini.). 


i  J  prakt  Chem  ,  [2],  35,  157. 

-  "Optisches  Drehuiigsvermbgen,"  ist  ed  ,  p  225 
•'  Ber  d  chem  Ges  ,  aj,  1796 

*  Haller    Couipt  rend  ,  114,  1516 
«  Haller    Lac  at 

»  Bruhl    Lot.,  cit 
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rf;7  =  io75,      [«]£=  +  4832°  ' 
|»=4-  44-4°  2 

al-Ethyl  Ester,  C8HU.COOH  COOC2H5.    Melting-point,  57°  , 
boiling-point,  207°  to  208°  (21  mm.). 

d°  =  i  1004,    [or]/,  •=  +  23.9°  -» 

o-Ethyl  Ester,  C8HU.COOC2H.  COOH.     Boiling-point,   216° 
to  219°  (30  mm  ). 

[a\D  =  -i-  39  18°  * 


al-Methyl-o-ethyl  Ester,  C8HU.  COOCH,.  COOC,H5.     Boiling- 
point,  277°  (746  mm.)  ;  169.5°  (33  mm.). 

d~  =  i  0528,    [ar]j«  =  -f  38  43°  ' 

o-Methyl-al-ethyl  Ester,  C8HU.COOC2H5  COOCH,.     Boiling- 
point,  278°  (747  mm.);  175°  (38  mm.) 

rff  =  x  0448,    [or]«  =  +  45-49°  " 


/    Ester,    CSHU  COOC2H5.COOC2H5.      Boiling-point, 
285°  to  286°  (750  mm.)  ;  155°  (12  to  14  mm  ) 

d*>6=i  0301,    [a]  «y  •  =  4-  36  30'  " 
rf°     =  i  0495,    [or]/,   =  4-  37  7°  • 

Phenylhydrazide,  CSHU(COO)2  N.NHC6H3      Melting-point, 
119°. 


Compound     C2JH34O7       From  t?-methyl    ester   and  phenyl 
cyanate.     Melting-point,  78°  to  79° 

\ci\D  =  +  49  33°  " 

Compound'  C^HS4O.       From  «/-methyl   ester  and  phenyl 
cyanate      Melting-point,  62° 

[a]D  =  +  Si  45°  " 

Camphoric  Anhydride,  C10H1403      Melting-point,  217°.      Ac- 

1  Walker    J  Chem  boc  ,  61,  1091 

*  Haller    Loc  at 

3  Fnedel    Cotnpt  rend  ,  u3,  829 

*  Fnedel    Loc  at 

*  Bruhl    Ber  d  chem  Ges  ,  ag,  1799 
«  Bruhl    Loc  cit 

i  Fnedel    Compt  rend  ,113,  829 

8  Haller   f6id  ,  114,  1516 

9  Haller    Ibid,  115,  19 


054  CONSTANTS  OP  ROTATION  OF  ACTIVE  BODIES 

cording  to  Haitmann,1  it  is  inactive  in  benzene  or  chloroform 
solution.     Other  authors  have  observed  left  rotation. 

Benzene p  =  o  7705,  [a]/)  =  —  7  12°  - 

Benzene [oQ/>  —  —  3  7°  * 

Benzene \a\j  =  —  3  68°")  * 

Chloroform "  =      0.0°  j 

Amide,  Ci(lHwO2.  N,H+.     Melting-point,  241°  to  242°. 
Chloroform \_K\D  =  —  10  6°  5 

Chloride,  CmHuOgCl,     Liquid ;  boiling-point,  140°  (15  mm.). 

\C£\D  =  —  3  o  to  —  3  6°  )  ' 
Benzene "   =  —  7110  —  83°) 

(x-AminicAcid,  C8HU( CONH2)  COOH      Melting-point,  1 76° 
to  177° 

Alcohol [<*]/>  =  +  45° 

fS-AnunicAtid,  C,H14(CONH2)COOH.     Melting-point,  180° 
to  iSi°. 

Alcohol \a\D  =  +  60° 

Nitnlu  Acid,  Cyanolauronic  Add,  CAHU(CN)COOH.    Melt- 
ing-point, 151°  to  152°. 

la\D  =  +  67  5°  6 
Bromcamphoric  Anhydride. 

Chloroform [<*]./  =  —  211° 

Chlorcamphoric  Anhydride. 

[a]^  --=  -  16  3°  * 

Campholide,  Ci0H16O,.     Melting-point,  210°  to  212° 
[a]/>  =  +  5  61°  " 

ISOCAMPHORIC  ACID,  C10H16O4.     Melting-point,  170°  ;  boil- 
ing-point, 294°. 

Alcohol [«]#  =  —  4809'* 

Alcohol [a]/,  =  —  46°  8 

Alcohol [a]  ,  =  —  48.3°  9 

1  Ber  d  chem  Ges.,  ai,  223 

2  Moutgolfier    Ann  chim.  phys ,  [5],  14,  S6 

•  Marsh    Chem.  News,  60,  307. 

*  Aschan    Act   soc  scient  fenaice,  ai,  5Tr  5,  p  i 
s  Guareschi    Centralbl ,  1887,  p  1355 

6  Hoogewerff,  Dorp    Rec.  trav  chim  Pays-Has ,  14,  252 
"  Haller    Bull  soe.  chim  ,  [3],  15,  984. 

8  Frtedel  •  Compt  rend^  108,  980  . 

9  Aschan     Loc  ai 
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Derivatives  o-Ethyl  Ester,  CMH15O<  CSH5.  Melting-point, 
195°  to  197°  (18  mm  ). 

d  =  1.1159,    E«]/J  =  —  49-51°  ' 

Diethyl  Ester,  C1UHUO,(C3H5),  Boiling-point,  165°  (25  to 
28  mm  ). 

d  •=  1.0473,    \a~\u  =  —  48  53°  2 

CHOIACAMPHORIC  ACID  (Choloidanic  acid),  C,,,HiaO4.  From 
cholic  acid  by  action  of  nitric  acid.  Crystals,  which  turn 
brown  at  270°  without  melting 

Absolute  alcohol c  =  6  42,     [<*]$  =  —  56  17" 

Glacial  acetic  acid r  ~  i  44,         "  =  -f  57.83° 

The  specific  rotation  m  alcoholic  solution  is  independent  of 
the  concentration.'1 

CAMPHORONIC  ACID,  C6HU(COOH),  Melting-point,  158° 
to  159°. 

Water p  —  10,     [ar]j»  s  —  —  26  9°,     ( [«]#  s  =  —  23.91°  j* 

CAMPHOLYTIC  ACID,  ChHnCOOH  Oil ;  boiling-point,  240° 
to  242°. 

<*«-«=  i  017,    [tflji1-  — 5°^ 

Derivatives.  Ethyl  Ester     Oil ,  boiling-point,  212°  to  213°. 
d  js  =  o  962,     [or]  »  =  -f  5  04°  " 

CAMPHOTHETIC  ACID,  C]bHJ8(COOH), 
Derivatives.  Diethyl Ester     Liquid  ,  boiling-point,   135°  to 
140°  (15  mm.) 

</;8==ioi9,     [a]y  =  -f  30  6°  ' 

DlHYDROXYCYANCAMPHOLYTIC       ACID,       CPH14COOH  CN. 

Melting-point,  109  to  111° 

Alcohol [>]/>  =  -r  18  20°  * 

DICAMPHOR     Melting-point,  165°  to  166° 

Benzene p  —  5,         [a]^  —  —  28.07° 

Alcohol ^  =  25°,     [a]»  =  —    405° 

1  Pnedel    Compt  rend,  113,831 

*  Knedel 

3  I<atschmo£F    Ber  d  chetii  Ges ,  13,  1052 

*  Ossian,  Aschan    Ibid ,  28,  16 

3  Walker    J.  Chem  Soc ,  63,  499 
o  Walker    Loc.  cit ,  498 

7  Walker .  J  Chem  Soc  ,  63,  504 

8  Hoogewerff,  Dorp    Rec  trav.  chim  Pays  -Bas ,  14,  252 
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Dicamphandihydropyndazine :  Melting-point,   155°  to  156°. 
Benzene p  =  5,         for]-  =  -f  118  13° 

Dicamphanhexandion .  Melting-point,  192°  to  193°. 

Benzene p  =  3.5,      [a]^  =  -f  331° 

Alcohol >  =  2.9,      [oft  =  -f  381° 

Dicamphanhexanasine  :  Melting-point,  201°  to  202° 
Benzene p  =  5,         [«]=J  =  4-  51  i° 

Dicamphanhexadienperoxide. 

Benzene /  =  3  5,      [a]$  =  +•  296° 

Alcohol    p  —  ^g,      [a]g  = -+•  345  n° 

Camphancamphoric  And     Melting-point,  224°  to  225° 
Alcohol /  =  475.    C*]J!a  =  +  9360 

ct-Dicamphandiatidanhydride  •    Melting-point,  143°  to  144°. 
Alcohol .  -  p  =  i  r,      [a]  «  =  —  142°  * 

/-CAMPHOR  Matricana  camphor.  Found  in  the  oil  of 
Matricaria  Parthenium^  and  may  be  made  by  oxidation  of 
/-borneol  Melting-point,  178  6°  ;s  boiling-point,  204°  ;  d^  = 
°-9853-  ^he  specific  rotation  in  alcoholic  solution  for  red  light 
(X  =  635),  and/>  =  10  was  found  as  [a]r  ==  —  33°  ;  that  is, 
in  agreement  with  the  rotation  of  laurel  camphor.  The  formula 
for  the  specific  rotation  of  the  latter,"1  [a]r  =  45  25°  — 
o-i369  4  gives  for;*  =  10  (q  =  90),  [a]r  =  -f  32.9°  4 
Alcohol  . .  . .  p  =  20,  4/^  =  0  8255,  [a]»  =  —  44  22°  *> 

Transformation  Products  of  I- Camphor 

/-CAMPHORPINACONE     Right-rotating. 

Benzene.   . .    /  —  23.74,    d™  —  o  9075,     [a]^1  =  -f  26  52° « 

/-CAMPHOROXIME.     Melting-point,  115°. 

Alcohol /  =  2o,       ^=0835,     [a]^  =  +  425i0)' 

...  .  p=    8.3,      "  =0.812,          "   =  +  4138   ) 

Hydrochlonde,  C10H16NOH.HC1      Melting-point,  162° 

AlCOhol p  =  8.33,      rf~  =r  O  8185,       [Or]=°  =r  +  42  52°  8 

1  Oddo    Gazz  chira.  ita.1 ,  37,  X,  149 
-  Haller :  Compt  rend  ,  105,  229 

Biot    A.nn  chim  phys  ,  [3],  36,  301 

Chantard    J  pharm  Chem  ,  [3],  44,  13  .  Jahresber  ,  1863,  p.  555 

Beckmann    Ann  Chem.  (I,iebig},  350,  253 

Beckniann    Ibid ,  292,  25 

Beckmann    Loc  cti 
8  Beckmann 


/-CAMPHANIC  ACID. 

E«L  =  ~701 

/-CAMPHOCARBOXYLIC  ACID     Melting-point,  128.7°. 
[a]/,  —  _  66.86°  * 

/-CAMPHORIC    ACID.      Resembles   rf-camphoric    acid    and 
rotates  as  strongly  to  the  left  as  the  latter  does  to  the  right.* 
Absolute  alcohol [or],  =  —  49.5°  * 

l-Bromcamphoric  Add. 

Chloroform [a]7  =  +  21  6°  * 

/-ISOCAMPHORIC  ACID.  Resembles  the  left-rotating  iso- 
carnphoric  acid  from  ^-camphoric  acid  and  rotates  as  strongly 
to  the  right. 

[a],  =  +  48.6°  * 

/-CAMPHORONIC  ACID. 

Water     p  =  10,  [<r]«  5  —  j.  27.05,     ( [a] g  *  =  -  24  04=  t  ' 


j,  C,,,H1C0.  From  oil  of  fennel  Crystals , 
melting-point,  5°  to  6°  ;  boiling-point,  192°  to  193°,  d™  = 
o  9465. 

a.  Direct  from  fennel  oil. 

Alcohol..  -  p  =  8.333,    d18    =  o  8045,    \.°^D  =  ~f~  ~T  97* 

b.  From  fenchyl  alcohol 

Alcohol..  -  p  ==•  12  93,    dw    =  o  8090,     [«]g  — ~  —  71  7<->°  f> 

Derivatives     Oxime,  C1((Hi6NOH      Crystals  ,  melting-point, 
161°. 

Alcohol. . . .  p  =  i  14,      rf19    =  0.793,      [a]»    =  —  65  94° 6 
Acetic  ether  p  =  2  72,      rf"  5  =  0.911,      [<*]*« s  =  —  52  61°  i " 
"       "     p  =  2.24,      rf1*    =  0.9115,     [«]*}   =  —  52  28   ] 
"       "     ^  =  160,      &*'*  —  0.9121,     [or]^s  —  —  5162  J 

1  Aschan    Act  soc  scient.  fennice,  31,  Nr  5,  p  i 

2  Haller    CompL  rend  ,  105,  229 

3  Chantard     Ibid,  37,  166,  Jahresber,  1853,  p  43»     Jungfleiseh     Compt.  rend, 

up,  791 

*  Aschan    Loc  at 

'•>  Ossian,  Aschan    Ber  d  chem  Ges ,  a8,  16 
o  Wallach    Ann  Chem  (Liebig),  363, 132 
t  Bine    Ztschr  phys  Chem ,  la,  725 
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Oxinif  Anhydride,  CMH,,N.  Oil ;  boiling-point,  217' 
2 186  ;*/":=  0.898. 

Alcohol /  =  68r,    ^=0798$,     [«]?  =  + 43  3*01 

/-FEXCHONE.  From  thuja  oil.  Crystals,  melting-p< 
5°  ,  boiling-point,  192°  to  194°;  ct"  =  0.948. 

Alcohol p      14  3<5-    o?s'!  --  o  815,     [oft  -  —  66  94°  - 

Derivatives:  Oxime.  Resembles  closely  the  df-fencl 
oxime,  and  in  equivalent  concentration  rotates  as  strongl 
the  left  as  the  latter  does  to  the  right/' 

aT-CAROSE  (from  aT-carvone,  [«]*  =  -f  62°),  C10HiBO.  ] 
ing-point,  210°.  with  decomposition ;  ^  =  0.9567. 
[«]„  =.  -  173  8°  ' 

MATICO  CAMPHOR,  CMH,,O.  In  matico  oil  (Piper  ang. 
folium}.  Hexagonal  crystals.  Melting-point,  94°. 

Fused rf«D2  =  o924,    [a]j°8  =  ~- 28  4 

UissoUed  hi  chloroform-.-    fi  —  iod1*  -—1557,    [<*]}f  =  —  287 

See  further,  §7 

PATCHOVLI  CAMPHOR,  Cj.H^O  In  patchouli  oil  (Po( 
timon  Patchouli').  Hexagonal  prisms ,  melting-point,  54* 
55s  ,  boiling-point,  206°,  d*~'  —  1.051.  Fused,  /  above  ; 

\&\  ,—  ~  ns= 

Alcohol [«]:>  =-  —  124  5  —  o  21  c  5 

See  further,  §7. 

D     POLYTER PENES 
/    Sesquitet penes,  C,,HJt 

CADIXEXE  itrue  sesquiterpenej.     Found  in  many  ethe 
oils     Liquid    boiling-point.  274°  to  275°;    d™  =  0.918. 
Chloroform  p  —  13  05.     d»  J  —  i  385.     [a] 9,5  =  —  98  56° 

Dihydtochhride*    Cr)H^.2HCl.      Rhombohedral-hemihec 
prisms      Melting-point,  118'. 

Chloroform  -  -     p—    7212.  ^"  =  1460.    [  a]  9,s  =  —  36  82° 

1  Wallacfc    i"      v 

s  Wa'ilach    AID  Chem    I,iebijsr  ,  aja,  102 

Baever  Bruhl    B«r  d  chcm  Ges    38,  639 
*  H  TrauT»e    Ztschr  f  Ktyst    »a,  <•? 

e"    Bull  soc.  chim     a]  *9,  414 


Dihydrobromide,  C15HJt.2HBr.  Needles ;  melting-point,  124°. 

Chloroform.     ../»--   7.227,  d*  "'  =  i  490,    !>3/,s  -"  ~  36.13° 

Dihydrotodide,  C,,H,4.2HI.     Needles ;  melting-point,  105°  to 
io6°/ 

Chloroform. . .   .  p  =   5  568,  d9  5  =  1.507,    [oc\tf  -=  -  4g« ' 

tf-PARACOTOi,.     Is  probably  a  hydrate  of  cadinene,  CuHj,O. 
Boiling-point,  220°  to  222°. 

dn  =  o  9262,    [«]/>  =  —  1 1.87°  * 

HEMP  OIL.     From  Cannabis  saliva.      Boiling-point,   iao° 

to  121°  (9  mm  ). 

[a],,  =  _  10  81° ' 

P ATCHOULENE      From  patchouli  camphor.    Liquid ;  boiling- 
point,  254°  to  256°. 


2    Diterpenesy  C^H.,... 

From  left  turpentine  oil 
d"  —  0.9446,    |>]/j  =  —  14  25° "' 

3.    Triterpene,  CM)H4, 

From    a-amyrin.      Crystals,    melting- 
point,  134°  to  135°. 

Benzene    <"  =  4»     [a]£>  = -J- 109.48°  s 

Derivatives .  a-Amynn,  C^H^OH.     Fine  needles  ,  melting- 
point,  181°  to  181  5°. 

Benzene c  —  3  839,     [«]If7  -  -f  9*  59°  " 

Oxy-a-amynn,  CV(Ht.O.OH  +  2H2O.      Needles ,    melting- 
point,  207°  to  208° 

Benzene c—  1.653  (anhydrous),     [a]  jj s  =  -  108 6°  R 

'  Wallach,  Conradj    Ann  Chem  i  Liebig),  252,  150 

2  Jobst,  Hesse    Ibid,  199,  75 

"  Valente    Gatz  chim  ital ,  n,  196 

*  Montgolfier    Bull  soc  chim  ,  a8, 415 
s  I^afont    Compt  rend  ,  106, 140 

«  Vesterberg,  Backstrom    Ber  d  chem.  Ges ,  20, 1245 
i  Vesterberg,  Svensson    Ibid ,  33,  3186 

*  Vesterberg,  S\ensson    Luc  at 


JBrom-ct-amyrin,    CsoH48Br.OH.      Crystals;    inelting-poii 
177°  to  178°. 

Benzene  c  =  2  590,     [«]$3=  -+•  72.8°  : 

oi-Amyrin  Acetate ',  C30H4B.C2HsOr      Plates,  meltmg-poii 

221°. 

Ben/ene c  ~  4.074,     [<z]g 6  =  +  77.0°  1 

/-O:-AMYRII,ENE.     From  the  ^-compound  and  P20B.     Pr 
matic  crystals  ;  melting-point,  193°  to  194°. 

Benzene  c  =  0.8709,     \a\D  =  —  104.9°  2 

yff-AMYRii,ENE.     From  yff-atnyrin.     Crystals ;  melting-poii 
175°  to  178°. 

Benzene.  ..  .  c  —  1.515.     !>]-»  =  +  «a  19°  1s 
"       r=o.8         [ct]/)  =  +  110.42  J 

Derivatives .    ft-Amynn,    C30H49  OH.      Crystals ;    meltin 
point,  193°  to  194°. 

Benzene c=  1.9055.     !>]$  =  -1-  99-8l°  : 

"        '=5  [«]g  =  +94.2* 


ft-Amyrin  Acetate,  CjoH^.C^HgOj      Prisms  ;  melting-poir 

236°. 

Benzene c  =  4.15  r,     [tf]Jj7  =  H-  78  6°  l 

fi-Amyrin  Palwutate,  C^H^O.,.  In  coca  wax.  Crystal, 
melting-point,  75°. 

Benzene c  —  2,     [«]g  =  -f  54.5°  * 

24.  Ethereal  Oils 

The  rotation  of  the  active  ethereal  oils  varies  in  geners 
more  or  less,  according  to  the  part  of  the  plant  from  whi< 
they  are  obtained  and  the  method  of  preparation  (pressure  < 
distillation).  Besides  this,  oils  of  known  purity,  in  mar 
cases,  have  not  been  obtainable  in  quantity  through  a  sufl 
ciently  long  period  to  permit  the  determination  of  certain  dat 

1  Vesterberg,  Svensson 

4  Vesterberg,  Koch    Ber.  &  chem  Ges ,  34,  3834 

3  Vesterberg,  Backstrom    Ibid ,  30, 1246 

*  Hesse .  Ann  Chem  (I^iebig),  271,  216 


But  for  a  number  of  oils  of  the  aurantium  group,  on  the  other 
hand,  it  has  been  possible  in  the  laboratory  of  Schimmel  & 
Co.,  of  Leipzig,  to  establish,  after  years  of  investigation,  the 
limiting  values  for  the  rotation,  so  that  oils  which  give  results 
outside  these  may,  with  considerable  certainty,  be  looked  upon 
as  adulterated. 

In  what  follows  the  data  furnished  by  the  reports  of  this 
firm  will  be  given  ,  the  rotations,  txD}  stated  are  the  angles  read 
off  directly  in  degrees  and  minutes,  with  a  tube  length  of  100 
mm.  and  sodium  light. 

Oil  of  Bergamot  {Citrus  bergamta)  d*\  =  0.883  to  0.886, 
not  below  o  88 r  aD  =  -f  9°  to  -j-  15°,  not  above  +  20° 
(principal  constituents — limonene,  dipentene,  Imalool  about 
38  per  cent  ,  linalyl  acetate). 

Oil  of  Lemon  (Citrus  hmonuni}.  d\\  =  o  858  to  0.861. 
of°  =  59°  to  67°,  not  below  59°  For  observations  made  at 
temperatures  below  20° ,  under  the  same  conditions,  9'  must 
be  subtracted  for  each  degree  C,  and  for  observations  made  at 
temperatures  above  20°,  8  2'  must  be  added  for  each  degree 
This  correction  holds  for  the  interval,  10°  to  30°  C  The 
rotation  does  not  change  on  long  keeping,  even  under  unfavor- 
able conditions  (principal  constituents — limonene,  citral,  no 
pmene). 

Oil  of  Orange 

a  Sweet  ( Citrus  aurantiitm}  d\\  =  o  848  to  o  852  a%  = 
-f-  96°  to  98°,  not  below  96°  Temperature  correction  for  10° 
to  30°  C  for  each  degree  under  20°,  —  14  5' ,  above  20°, 
+  132'  (principal  constituents — limonene,  citral) 

b  Bitter  (Citncs  btgaradia}.  d\\  =  0.848  to  o  852  afg  = 
+  92°  to  98° ,  not  below  92°  (limonene) 

For  most  of  the  other  oils  the  limits  of  rotation  have  not 
yet  been  established  with  the  same  certainty  The  data  in 
the  following  list,  which  likewise  have  been  taken  from  the 
Schimmel  reports  up  to  April,  1897,  may,  nevertheless,  be 
found  useful  for  comparison  in  some  cases.  For  each  oil,  the 
first  figures  refer  to  the  specific  gravity  at  15°,  and  the  second 
give  the  mean  rotation  for  the  D  line  in  a  100  mm.  tube,  as 
read  off  directly 
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Androp«gon   Oil   {Andropogon  laniget ) .      0915  to  091 9, 

—  4°  to  -f-  34°38/-      Andropogon  odoratus,   0.945    to    0.95 

—  22°  to  —  23°  (phellandrene). 

Angelica  Oil  {Arckangelica  officinalis).  a.  Fruit:  o  856  to 
0.89,  -f-  11°  to  -f-  12°.  b.  Fresh  plant .  0.869  to  0.886,  +  8° 
to  -f  21°.  c.  Root:  0.855  to  0.905,  -r  25°  to  +  32°  (phel- 
landrene,  methylethylacetic  acid). 

Anise  Oil  (Pimpinella  an/sum).  0.980  to  o  990  Slightly 
left-rotating,  a0  to  —  i°5o'  <anethol,  methyl  chavicol,  ams- 
ketone) . 

Asafetida  Oil  {Ferula  asafetida).      0.975  to  0.990.     OCD  = 

—  90l5*  (pinene  ?   bodies  containing  sulphur,  and  compounds 
(C10HIS0)«>. 

Bastlicum  Oil  ( Ocimum  basilicum).     o  909  to  0-990.     <XQ  = 

—  22°  to  -{-  1 6°  (pinene,  cineol,  camphor,  linalool,  methyl 
chavicol). 

Betel  Oil  {Piper  belle).  Java.  0.958  to  1.04.  ocp  =  -j- 
2°53f  (betelphenol,  cadmene,  chavicol). 

Cajiput  Oil  (Melaleuca,  spec.)  0.92  to  0.93  according  to 
province.  «„  =  —  o°io'to — 2s  (cineol,  terpineol,  terpenyl 
acetate). 

Calamus  Oil  (Acorus  calamus}.  Fresh  roots  o  960 too  970. 
ota  —  20°  to  31°.  Dry  roots :  o  960  to  0.970.  tx0  =  13°  to 
21°.  Commercial  oil :  o.  962  to  o. 970.  <* „  never  below  +  i o° . 

Camphor- Leaf  Oil  {Cantpkora  qfficinahs).  0.932.  aff  = 
4°52f  (camphor). 

Caraway  Oil  (  Carum  carvi).  0.905  to  0.915.  etD  =4-70° 
to  +  85°  f  limonene,  carvone ). 

Cardamom  Oil  {Elettaria  cardamomum} ,  Ceylon,  o  895  to 
0.910.  tip  —  -r  12°  to  -f-  13s  '"terpenine,  dipentene'  ter- 
pineol ?>. 

Cascanlla  Oil  {Crofon  etuteria  >.  0.890100.930.  t*D—  +5°. 

Cedar-Leaf  OH  {Jitniperus  rirgtmana).  0884  to  0.886. 
<*u  =  -t-  59.5°. 

Cedar-Wood  Oil  ( Jun iperus  virginiana)*    0.940  to  0.960. 
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atl  —  —  30°  to  —  40°  (cedrene,  cedar  camphor).     Oite  of  dif- 
ferent countries  and  unknown  botanical  origin,  0.906  to  o  9*8. 

«.>—  —  5s  to  --  is3  6'  i  cadinene,  cedar  camphor). 

Cclfiy  Oil  (Apiumgraveoltns).  Fresh  leaves .  o  848 100.850. 

txj,  =  ~-  48°  to  —  523.     Seed  •  o  870  to  0.895.     «r ,  -     -*-  67° 
to  -}-  79°  dimonene). 

Conifer  Oi/s  • 

Turpentine  Otl  ( Pinus  spec, ;  0.855  to  o.«76.  American 
oil,  right-  and  left-rotating  French  oil,  left-rotating ;  other 
European  oik  are  right-rotating  t  pmene,  dipentene  in  Russian 
and  Swedish  oils,  also  sylvestrene). 

Pine  Xeedle  Oil  ( Pinus  silvtstris)  Swedish,  0.^72.  «.,  - 
io°4o'.  German,  0.884  to  o.ss6.  «*,.  —  7°  to  —  ios 
(pinene,  sylvestrene,  Ixjrnvl  acetate,  cadinene)  Scottish, 
o8»5tooSS9  (K  ,  -  -~  45'  to  —  in0. 

Pine  Ntcdle  ( hi  (Picta  vnJ%arts>.  o  SSS  a  -  —  21-40' 
(pinene,  phellandrene.  dipentene.  bornyl  acetate  cadinene); 
from  two-year  cones,  0.892  a  20°  12' 

Dwarf  Pine  Oil  ( L,atschenkiefer «  ( Pinu*  pumttic  o  ^6?  to 
o  875  a,,  =_  —  5°  to  —  9°  (pinene,  phellandrene,  sylves- 
trene, 4  to  7  per  cent  of  borml  acetate,  se-quiterpfene  - 

Stiver  Fir  Oil  r  Edeltannen )  t^/«s  ptitmata)      Needles 
o  865  to  o  875      «;i  ^^  —  2p=  to  —  ^^    pinene  hmunene  4  > 
to  7  per  cent  of  bornyl  acet*ate,  ^squiterpene  ..     Young  omes, 
o  855  to  o  870      «;i  —  —  6os  to  --   soc  (  pinene,  limoncne  o  5 
to  3  per  cent  of  ester,  C^Hj.OCHXOi 

Hemlock  Oil  'Adits  canadtnv*  •  0907.  <*  —  ^  to 
—  26°  (pinene,  campheue,  bornyl  acetate,  seMjuitcrpene 

Fir  Needle  Oil,  Siberian  \Abits  nbtrita\.  *>-9i  to  ^92. 
tt{l  =  —  40°  to  —  45 "  (bornyl  acetate^ 

Coriandtr  Oil  {Coriandntm  tativum  >  u.^7  to  °  ^x  '*  ~'= 
+  8°  to  +  13°  (pmene,  linalooU. 

Creeping  Thyme  Oil  t  Tkymits  serp\llium\.  o  905  to  o  s>3Q- 
a/t  =.  —  1°  to'—  11°  (thymol,  carvacrol,  cymol> 

Cut  led  Mint  Oil  (Mentka  crispa}.  0.92  100.98.  at,  — 
43°  or  lower  ( carvone). 
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Dill  OH  (Anethum  graveolens) .  German,  Russian,  Rouma- 
nian fruit :  0.895  to  o  915  Ofj,  =  -f-  70°  to  +  80°  (lirnonene, 
carvone) .  East  Indian  fruit :  txf)  =  +  40° 

Dog  Fennel  Oil  (Eupatonum  focniculaceuni) .  0.935.  aa  — 
-|-  i7°5O/  (phellandrene). 

Elemi  Oil  (Canarium  spec.),  o  87  to  0.91  ctD  =  -|-  45° 
(phellandrene  dipentene) 

Eucalyptus  Oil  {Eucalyptus ,  spec.).  0.86  to  0.95  txD  =  — 
71°  to  -j-  20°  according  to  source  (citronellal,  cineol,  citronel- 
lone,  pineue,  phellandrene,  alcohols,  and  aldehydes  of  the  fatty 
series ) . 

Fennel  Oil  {Foenicuhtm  vulgate  and  varieties),  o  920  too  987 
au  =  +  7°  to +  22°       French,  to  -f  48°  (pinene,  phellan- 
drene, dipentene,  hmonene,  fenchone,  anethol). 

Frankincense  Oil  {JBoswellea,  spec  ).  0.875  too  885  a0  = 
—  11°  35'  (pinene,  phellandrene,  dipentene) 

Galbanum  Oil  {Peucedanum  galbamfluum  and  varieties)  o  91 
to  o  94.  txlt  =  —  5°  to  4-  20°  (pmene,  cadmene) 

Geranium  Oil  {Pelargonium,  spec  ).     According  to  origin 
o  886  to  0.906.     fff,  =  —  7°  to  —  16°  (gerauiol,  citronellol,  and 
19  to  33  per  cent,  of  tiglic  acid  esters  of  the  latter). 

Ginger  Oil  {Zingibet  officinal^)  o  875  to  o  885.  «•/,  =  — 
26°  to  —  44°  (camphene,  phellandrene) 

Gurjon  Baham  Oil  (Diptcrocarpus,  spec.).  092  to  0.93 
*0  =  —  35°  to  —  106°. 

Hop  Oil  (Humulus  lupulus).  o  855  to  o  88.  «'/>  =  + 
4°4o'  and  lower  (terpenes,  humulene) 

Juniper  Oil  {Juniperus  communis  \  0.865100885.  aD  = 
dt  o  to  —  18°  (pinene,  cadinene,  juniper  camphor). 

Lavender  Oil  {Lavcndula   vera}.     French,  o  885  to  0.895 
OCD  =  —  3°  to  —  9°   (linalool,   linalyl  acetate  30  to  45   per 
cent.,  geraniol,  cineol).     English :  0.885  to  o  900.     orn  —  — 
7°  to  —  10°  (much  cineol,  linalyl  acetate  7  to  10  per  cent  ) 

Lime  Oil,  Italian  ( Citrus  limetta)      0.872.     ^=58°  15'. 
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West  Indian  (Citrus  medtca,  var.  acida).   0.880  to  o  885     aD  = 
+  35°  to  +  4°°  (Hrnonene,  citral). 

Mace  Oil  (Myristica  qffidnalis).  0.91  to  o  93  CXD  =  -f-  10° 
(pinene,  myrhticene). 

Mandarin  Oil  ( Citrus  madurensis)  o  854  to  o  858  CCD  = 
-f-  65°  to  +  75°  (citral,  limonene). 

Mastic  Oil  (Pistacia  lentiscus}.  0855  to  0870      aD  =  -f 

22°  tO   +  72°. 

Onion  Oil  (Album  cepa}     1.040.     aD  —  —  5°  (CgHjaS,,) 

Orange-Flower  Oil,  sweet  {Citrus  auranhum).  o  87  too  890 
aD  =  -f-  1 6°  to  4-  29°.       Bitter,    Citrus  bigaradia,    0.87  to 
o  885       fffj  =  -f-  5°   to   +  10°     flimonene,    Imalool,   linahrl 
acetate). 

Palma  Rosa  Oil  {Andropogon  Schoenanihus )  o  888  to 
0896.  <XD  =  —  i°4o'  to  -+-  i°45'  (dipentme,  geraniol,  ger- 
anyl  esters). 

Pennyroyal  Oil  (Mentha  pulegtum,  Hedeoma  pidegwides^ 
o  93  to  0.96      (xfj  =  +  17°  to  4-  23°  (pulegone) 

Peppermint  Oil  (Mentha ptperita)  German  o  902  too  915. 
aD  =  —  25°  to  —  32°  English  o  900  to  o  910  CXD  =  — 
22°to  —  31°  American  o  giotoo  920  all=  —  25°  to  —  33°. 
Japanese  o  895  to  o  905  aD  =  —  26°  to  —  42°  (menthol, 
menthone,  menthol  esters  of  acetic  and  isovalenc  acids,  alde- 
hydes, terpenes) 

Rosemary  Oil  (Rosmannus  qfficmahs')  Specific  gravity  not 
below  o  900.  oijj  =  -f-  i°3o'  to  11°  for  French,  and  -f  o°  45' 
to  4°  30'  for  Italian  (pinene,  cineol,  borneol,  camphor) 

Sandalwood  Oil  (Santalitm,  spec.)  East  Indian  0.975  to 
0.980  otD  =  —  17°  to  —  20°.  West  Indian-  o  963  to  0.967. 
OCD  about  -f  26°.  Australian-  o  953  otD  =  5°  20'  (santalol). 

Sassafras  Oil  (Sassafras  officinahs).  I^eaves  o  872  tx#  = 
—  6°  25'  Bark:  i  065  to  i  095  c*D  —  -f-  i  °  to  -f  4°  (pinene, 
phellandrene,  safrol,  eugenol,  camphor). 

Savin  Oil  (Juniperus  Sabina).  0.910  to  o  925.  ctD  =  -f- 
45°  to  +  60°  (pinene,  cadinene). 
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Spike  Oil  (Lavendnla  spica).  0.905  to  o  915.  at]}  usually 
to  -|-  3°,  seldom  to  -f  7°  (pinene,  cineol,  linalool,  camphor, 
borneol,  terpineol  (?),  geraniol  (?)). 

Star  Anise  Oil  (Illicium  verum).  0.98  to  0.99.  txD  =  -J- 
o°  40'  to  —  2°  (pinene,  phellandrene,  methyl  chavicol,  anethol) . 

Storax  Oil  (Liquidambar  orientates} .     o.  89  to  i. 06.     aD  = 

—  15°  (styrol,  cmnamic  acid  esters). 

Sweet  Marjoram  Oil  (Origanum  majorand).  0.89  to  o  91. 
aD  =  -f  15°  to  +  18°. 

Tansy  Oil  (Tanacetum  vulgare)*  Fresh  plant:  0.915  to 
0.930.  Dry  plant  0954.  aD  —  -f  30°  to  45°.  English:  OCD  — 
about  —  27°  (thujone,  camphor,  borneol) 

Thuja  Oil  (  Thuja  occidentalism .  0.915  to  0.930  acD  =  — 
6°  to  —  13°  (thujone,  fenchone,  pinene). 

Tarragon  Oil  (Estrag&i  Oil)  (Artemisia  dracunculus} . 
0.89  to  o  96  <XD  —  +  2°  to  -+•  9°  (methyl  chavicol) 

Valerian   Oil  (  Valeriana  offidnalis)      o  93  to  o  95      ctD  = 

—  8°  to  —  15°  (pinene,   camphene,  borneol,  bornyl  esters). 
Ylang-Ylang    Oil   (Anona    odora tisstma') .      091   to   095. 

aD  =  —  20°  to  —  55°  (benzoic  acid  esters,  linalool,  geraniol, 
etc.) 

25.  Resin  Acids 

DEXTROPIMARIC  ACID,  C^H^.O^. 

Chloroform c  =  10.10,     /  ==  20°,     [tr]o  —  —  73  36°  l 

ABIETINIC  ACID,  C^H..^. 

[<x]D  =  --  66.66°  to  —  67  34°  - 

PODOCARPINIC  ACID,  Cj7HJ3Oj. 

Alcohol c -=-  4  to  9,     [a]0  -^-f-i36°|s 

Ether c  —  4  to  7,         "    =  -p  130  j* 

Sodium  Salt,  CJ7H21OsNa  -f  SH.O. 

Water c  =   4.6,     [a]/,  =  82°  ]* 

"     c=   M,         *'  =79 

"     f=i38,         "  =73 

Alcohol c—    90,         "  —  86 

1  Rimbach    Ber  d  pharm  Ges ,  (1896),  p  63 

2  Uach  ,  Monatsh  Chem  ,  15,  627 

3  Oudemans  •  Ann  Chem  (I.iebig),  166,  65 
*  Oudemans    Loc  ctl 
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TURPETHINIC  ACID,  CMHKOK.     Melting-point,  168°. 
[«]/,  =  —  37.49° 

CONVQLVUUNIC  ACID.     Melting-point,  175°. 
[a]fl~  — 45.3Q1 

26.  Alkaloids 
Alkaloids  of  the  Aconite  Species 

ACONITINE,  Cs,H45NO,r     Rhombic  crystals  ;  melting-point, 
188.5°  (corr.) 

Alcohol p  =  3.726,    [0:]^  =  —  ir.oi0  1s 

"      £=2.746,    [«]«=  +  11.10  j 

Formerly  described  as  left-rotating.    See  Jiirgens.8 

Hydrobromide,  C^.NCVHBr  +  2l/2H4O.     Crystals. 

Water ^=5.183,    [a]«°  =  —  31.3°  \* 

Recrystalhzed p  —  i  95,  "  =  —  30.471 

ISACONITINE  (Napelline),  CMH45N012.     Crystals;  melting- 
point,  125°  (corr."). 

Alcohol      c  —  7  86,     [ff]$5  =  —  4  48° 

Hydrochloride,    C^H^NO^  HC1  +  HZ0       White    needles ; 
melting-point,  268°  (corr.) 

Water r=i,     [a]g  =  —  28  74° 

Hydrobromide,   CjsH^NO^.HBr.      Needles  ;   melting-point, 
282°  (corr.) 

Water c=i,     [«]g  ^  —  3°47° 

Hydroiodide,  CsjH^NO^  HI      Crystals  ;  melting-point,  242° 

(corr  ). 

Water r=i,     [a]js  =  —  26  94°  5 

PYROACONTTINE,  C31H+1N010. 

Water c  =  1.121,    [«]g  =  — 9099° 

Hydrobromide,  CMH41NO10.HBr. 

Water      ^=2136,     [0:]^  =  — 468° 

PYROACONINE,  Hydrochloride,  C24HS7NO9.HC1  -f  HSO. 

Water t  =  I  96,     [or]g  =  —  102.07°  ' 

Kromer    Z  Oesterr  Apothek.-V ,  49,  520 

Dunstan,  luce    J.  Chem.  Soc ,  59,  281 

Jahresb ,  1885, 1722 

Dunstan,  Ince    Loc  at 

Dunstan,  Harrison    J  Chem  Soc ,  63, 445. 

Dunstan,  Carr    Ibid ,  65, 176 


668  CONSTANTS  OF  ROTATION  OF  ACTIVE  BODIEb 


ACONINE,    C^HflNO,,.      Amorphous:  melting-point,    132° 
(corr.).     By  hydrolysis  from  isaconitine. 

Wate  ............  /  -    3-534,    d?  =  i  01      [«]  jf  =  -  23° 

Hydrochlonde,  C,6H41XOU.  HC1  -r  aHX).     Crystals  ,  melting- 
point,  175.5°  (corr.  ) 

Water,  /  —  5  75  i  anhydrous  j,    d:  =  1.015,     [«]}?  =  —  7  71°  J 
Water,  c  —  2  398  (anhydrous^.     [a]}?  —  —  7  72=  '- 

LYCACONITIXE,  C  ,H  ,,N  A,  —  2H,O      Amorphous  ;  melting- 
point,  111.7°  to  114.8°. 

Alcohol  ..........    fi  =  io,     [«]t,  =--3i5on 

ATISINE,     C^H^XO.     (from    Aconihtm     heterophylluni)  : 
Alcohol     ..........   [a]  .  --  —  19  6° 

HydroMonde  t  C...H  ,XO.,  iHCl,  m  p  296°      Water,  [a}z,  -_  -  18  46°  -^  * 
Hyirobromide       '      "       HBr,     "    273°  "          "  =  -L.  24.3      I 

Hydroiodide         "      "       HI,       "    279°-2Soc  "          ••    -^  +  274      ) 

For  later  ob?en-ationb  on  aconite  alkaloids,  bee  Dunstan  and 
Carr.'and  Dunstan  and  Read.'1 


ARGIXIXE,  C^H^Xp,     The  free  ba^e  has  not  been  investi- 
gated. 

Hydtochloride,  C(tH],XiO,.HCl.     Monoclinic  crystals. 
Water £    -8,     [or],   -  -  33  i1- 

.V//nrfc,  CaHIIX40J.HNO   -^  '  ,Hp.     Xeedles. 

Water c  —  10.     [a]^  .^=  —  28.75° ' 

ARIBINE,  C,  H,,,X4  —  SH,O.     Crystals  :  melting-point,  229°. 
Inactive  " 

ASPIDOSPER.MINE,  C.H.,,X,O_      Prismatic  crystals  ,  melting- 
point,  205°  to  206°. 

Alcohol  1 97  vol  p.  c.  > c  =  2,  [a]  5  =  _  IQO  2° 

Chloroform f=2,  "    =_  —   83.6 

Water  —    3  mol.  HC1 c  —  2,  "    -.=  —    61.6 

4      —  10    "        '•    c  =  2,  "   = —    622 

1  Dunstan  Passmore    J  Chem  Sex:     61, 400 

-  Dunstan  Harnsou    Lvf  LI: 

Dragendorff,  Spohn    Ber  d  chen:  Ge»  ,  17,  Ref  375 

*  Jowett    Chem  News  74,  139 
>  J  Chem  Soc    71, 350. 

41  /<hif    77,  45. 

"  Schulze,  Steiger    Ztschr  phys  Chem  ,  n.  43 

5  Rieth    Inaug -Diss ,  Gottingen,  1861 

6  Hesse    Aim  Chem  (Lielug),  an,  234. 


ASPIDOSPERMATINE,  CjjHfcN,Or   Wart-like  lumps ;  melting- 
point,  162°. 

Alcohol  (97  vol  p.  c. ) r  = -  2,    [a]^    -  —  72.3°  l 

QUEBRACHINE,  C^H^NjO,.     Prisms  ;  melting-point,  214* 
to  216°  funcorr.).* 

Alcohol  (97  vol.  p.  c. ) c  --2,    [tr]$       —  62  5°  !  * 

Chloroform . ..  c  -  2,         "        -  -  18  6  j 

PAYTINE,  C,,HMNaO  -f-  H,O.    Crystals ;  melting-point,  156°. 
Alcohol  (96  (')  vol  p.  c.) c  -=.  0.454,    J>]}f      —  49  5C  ' 

ATROPINE,  Ci-H^NOj.  Crystals ; melting-point,  1 15'  to  1 16°. 
Absolute  alcohol  •  •  c  =  3.22,    [«]$  -—  —  0.4°  * 
Alcohol <r  =  667,    [a]™  -  -1.89°* 

According  to  Ladenburg7  and  Gadamer*  atropine  is  optically 
inactive 

The  Atropinum  naturals   is  a  mixture  of  atropine    and 
hyoscyamine. 

Sulphate,  (C17HJ,NO,)sHiSO4  -r  HaO.     Crystals. 

Water c  —  2  (anhydrous ),     [«.r]  s  =  —  8.S3  '* 

SCOPOLAMINE,  C,.HaNOt  +  HX).     Melting-point,  59= 
Absolute  alcohol p  =  2  65,     [a];,  =•  —  13.7 :  '' 

Melting-point,  56°. 

Water [or]/)  —  -  14  97C  " 

HYOSCYAMINE,  CnH,,NO3.     White  needle^    melting-point, 
108°  to  109°. 

Absolute  alcohol c  =  17  2,  [a]-   =  —  2  J  6oc      - 

"             "       t-    124,  '    -   -  21  76    I 

"             "        c~    62,  —  —  21  25    , 

•«             «'        c~    31,  '     -=  —  2026 

Alcohol  (50  per  cent)  ....<:  =  12  4,  "    -  —  20  27 

1  Hesse    Loc  at  259 

-  Hesse    Ber  d  cbem  Ges ,  13,  2308 

3  Hesse    Ann  Chem  (Liebig),  an,  365 

*  Hesse    /drrf ,  166,  272 
5  Hesse    Ibid,  371, 101 

«  Will,  Bredig    Ber  d  chem  Ges  ,  ai,  2-77 

"  Ber  d  cbem  Ges ,  ai,  3065 

s  Arch  Pharm  ,  334,  543 

>  Hesse    £0c  at. 

10  Hesse.  Ann  Chem.  (I,iebig),  371,  in 
"  Zuboldt    Diss.,  Marburg,  1895. 
u  Will .  Ber  d  chem.  Ges ,  ai,  1717  • 


Alcohol c  =  I  to  12,     [or]=°  =  —  21  016  —  o  0154  r  x 

Absolute  alcohol,  c  =  3  22,     [or]g  =  —  20  3°  s 

By  action  of  bases,  hyoscyatnme  is  converted  into  atropme.8 

Sulphate,    (C17HaN08)2H2SO4  +  2H,O.       White    needles; 
melting-point,  201°. 

Water c—  2  (anhydrous),     [a]g  =  — 286°* 

Water p  =  2  9,    [«]/>=  — 26  8  to  —  27  3°  5 

Oxalate,  anhydrous. 

Water /  =  1.6,     {a\D  =  —  24.07°  B 

PSEUJX>HYOSCYAMINE,  C17H2,N03.    Yellow  needles ;  melting- 
point,  133°  to  134°. 

Absolute  alcohol. . .    p  =  5.26,     [a]^  =  —  21.15°  T 

HYOSCINE,    C,JH21N04(?).     Hard,   transparent,   resin-like 
masses ;  melting-point,  55°. 

Absolute  alcohol    .  -    c  =  2  65,     [a]g  =  —  13  7°  R 

The  rotation  is  greatly  decreased  by  addition  of  a  small 
amount  of  sodium  hydroxide  solution. 

Hydrobromide,  C17HslNO4.HBr  +  3H2O      Rhombic  crystals. 
Water <r  =  4)     [a]ij  =  _  22  5<>  * 

BEBIRINE,  C^H^NO,.     Melting-point,  214°. 

Absolute  alcohol p  =  r  6,     [o:]^  =  —  298°  " 

BERBERINE,  Cjr)H1.N04  -f  4H.O      Crystals  ,  melting-point, 
120°.     Inactive 

OXYACANTHIX,  Cl5HlttN03.    Ctystals ;  meltmg-pomt,  138°  to 
150°  (from  water)  ;  208°  to  214°  (from  alcohol), 
i  vol.  alcohol  (97  vol.  p  c)  —  2  vol  chloroform,    c  =  4,  [a]g  =  -j-  131.6°  10 

Hydrochlonde  CteHl§NOvHCl  +  2H2O      Needles 

Water    c  —  z,    [a]g  =  +  163  6°  * 

1  Hammerschmidt,  Will  and  Bredig    Ber  d   chem  Ges  ,  ai,  2784 

-  Hesse    Ann  Chem  (I,iebig),  271, 103 

*  Will  and  Bredig    Ber  d  chem,  Ges  ,  ai,  2777 
4  Hesse   Lot.  at 

•>  Gadamer    Arch  Phann  ,  234,  543, 
«  Gadamer   Lnc  at 
'  Merck    Arch  Phann  ,  331, 117 
s  Hesse    Ann  Chem  (Liebig),  371,  no 
.    s  Scholtz    Ber  d  chem   Ges ,  39, 3058 
J"  Hesse   Ibid ,  19, 3192 


HYDRASTINE,  C21Hal]SrOe.     Rhombic  crystals  ;  melting-point, 

132°. 

Chloroform  ...........  c  —  2.552,  [a]jj  =  —    67.8°  \l 

Water  H-  2  mol.  HC1-.  c~  4.050,          "  —  —  127.3    J 

Chloroform  .........     c  =  3  042,  [<x]D  —  —    57-5°  a 

Methylhydrastine  Hydrochloride,  CBHMNOB.HC1.     Crystals  ; 
melting-point,  241°.     Inactive  in  aqueous  solution.8 

HYDRASTININE,  CUHUNO.,  +  HZO.  Crystals  ,  melting-point, 
1  1  6°  to  117°      Inactive  in  aqueous  solution.1 

CHEWSRYTHRINE     (Sanguinarine),    C]7H1BNOV      Crystals, 
melting-point,  160°.     Inactive. 

Cinchona  Alkaloids* 


CUPREINE,  QmHuNjO,  +  2H2O  Prisms  ;  melting-point, 
197°  to  198°  The  following  determinations  on  the  alkaloid 
and  its  salts  were  made  by  Oudemans/' 

Absolute  alcohol.  .  .         c  —          o  69,  i  24,  i  78° 

"     •      [a]JJ  -  —  175-4,    —  I75.S,    —  I73.30 
Alcohol  (97  p  c  )   .         c  —  1.50,     [0:]$  —  —  175-3° 

Neutral  Hydrochlonde,  C1!,H22N"i!O,.HCl  +  H2O  Colorless 
needles. 

Water       ...      c  -   0567,  [a]$  -    —  157  i°,  alcohol,  [«]}?  -  —  184  7° 

"     .......  t=  0.871,  "=-1548,          "            "-=-  —  i8ao 

Absolute  alcohol  c  —  0.927,  "   =  —  1697,          "            "    -   —1998 

"     ..  c       1421,  "=—1673,          "            "     --1967 

Acid  Hydrochloride  >  C1C|HWN2O2  2HC1  Hard  crjfatals  , 
-f-  sHjjO,  rhombic  crystals 

Water,  c—   i  194  (hyclraed),  [crjjj      —2110°,  alkaloid,  [a]y,  ~  —  283  8° 
"      c—  2.508  "  "=  —  2106,          "  "   -—2823 

"     c^=  4687  "  "=  —  2060,          "  "^=-2762 

"     ^=8589  "  "=  —  2004,          "  "—  —  2686 

"      c—  17278  "  "   =—191.1,  "  "-=—2562 

i  Freund,  Will    Ber  cl  cliein.  Ges  ,19,  2797 
•  Eijkman    Rec  trav  chim  Pays-Has,  5,  ago 
'  Freund  and  Roseubeig    Ber  d.  chein  Ge&  ,  33,  404 
1  Freund,  Will    Lac  at 

f'  Numerous  earlier  observations  on  the  rotation  of  the  alkaloids  were  made  by 
Bouchardat:  Ann  clnm  phys  ,  [3],  9,  213,  Bouchardat  and  Boudet  J  pharm  Chim  , 
[3]  i  "3,  288;  Bulgnet  •  Ibid  ,  [3],  40,  268  ,  DeVnj  and  Alltiard  Compt.  rend  ,  59,  aoi 
The  numerical  data  refer  to  Slot's  red  ray,  but  they  cannot  be  used,  as  the  nature  of 
the  solvent  and  the  concentration  are,  in  most  cases,  not  given, 
"  Rec.  trav  chim  Pays-Bas,  8,  153 


Water,   -j-    5  26  cc.  norm.  HC1   c—   2.088  (hydrated),  [ar]#=~- 210  8° 

alkaloid,  '  =  —  2826 

'«  -j- 10  53  cc  norm  HC1  c  —  2.070  (hydrated),  '  =  —  210.2 

alkaloid,  '  =  —  281.7 

"  -j-  22  73  cc.  norm.  HC1  c  —  21  987  (hydrated),  '  =  —  205.5 

alkaloid,  '  =  —  276.4 

«  +  52  63  cc  norm.  HC1  c  =  2  085  (hydrated),  '  •=  — 199  5 

alkaloid,  '  =  —  267.8 

"  -T-  90  90  cc.  norm  HC1  c  =  2.056  (hydrated),  '  =  —  194.0 

alkaloid,  '  =  —  2609 

Neutral   Hydrobromide,     C19H22N2O2  HBr  +  H2O.      White 
needles. 
Water c  =  0.491,  [a]jj  =;  —  145  8°  ,  alkaloid,  [a]$  =  —  192  7° 

"    r=i.i8b,       "=-1448,  "  "   =  —  1911 

Absol   alcohol  c  —  i  434,       "  =  —  139-2  ,  "  "    =  —  183  7 

"       <r=i687,       "=-1373,  "  "=-1811 

Acid  Hydrobromide,  CjgH^O^.sHBr.     Crystals. 

Water c  =  I  564,  MjJ  =  —  189  o°  ;  alkaloid,  [a]g  =  —  287  7° 

"    c  =  299i,       "=—1846;  "  "    =  —  2810 

«'    c=  7.012,       "  =  —  1768;  "  "    =  —  2686. 

Neutral  Hydroiodide,  C19HuN,OrHI.     Crystals. 

Water c  =  0.802,  [a]£  =  —  126  3°  ;  alkaloid,  [a]#  =  —  178  4° 

Absol    alcohol  c—  0.982,       "  =  —  128  3  ,  "  "    =  —  180.9 

AddHydroiodide,  C1BH2ZN2O2  aHI  (at  1 50°  )    Yellow  crystals. 

Water c  —  i  504,  [a]g  =  —  151  2°  ,  alkaloid,  O]^  —  —  283  2° 

"    *=i49i,       "=~I47.6;  "  "    =  —  2764 

Neutral  Nitrate,  CjgH^N^  HNO8  +  2H2O.    White  needles. 
Water c  =  1.129,  [<z]#  =  —  138  4°  ,  alkaloid,  [or]g  =  —  182  5° 

Acid  Nitrate,    CuH^NA^HNOs  +  H20.  Light  yellow 

crystals. 

Water c  =  1.283,  [a]g  =  —  179  4° ;  alkaloid,  [a]^  =  —  289  i° 

"    ^=2347,       "=  —  193.4;          "  '     =  —  283.2 

•'    ^=3815,       "=  —  188.9;          "  '     =  —  276.7 

11     £  =  5035,       "=  —  1898,          "  c     =  —  278.0 

"    ^  =  6551,       "=—1889;          "  «     =-2767 

Chlorate,  C19HaN,Oj.HClOs.     Fine  white  needles. 
Water c  —  1.033,  C«]g  =  —  144-9°  J  alkaloid,  [a]g  =  —  184.4° 
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Neutral  Sulphate, 


Water1 


c  =  0.905, 
r=  1.087, 
<r=i  no, 
^=1437, 

^=1.563. 

r=i6o5, 
*=ai30, 
£=2.766, 


[ccjg  =  —  202  4° 
[a]j5  =—1971; 
[a]gs  =  —  1967, 
[a]g  =-1974, 

[O]g    =  —  300  I  , 

[ar]^  ==  —  1992, 
[a]g  =  —  197.0, 
[or]2  =  -  1961 


'4  -I-  2H2O.     Crystals. 

alkaloid,  [<*]}?  =  —  289.9° 
[«]«  =-2823 
[or]  g  3  = -281.7 
[or]*  =  —  282.8 
[a]£  =  —  286.6 
IXI3  =-2853 

"       M^  =•  —  282  2 

=  —  280  9 


Formate,  C18H22N2Oa.CH!!O!1.     White  needles. 
'  Water,  £  =  o  4804,     [a]  jj  =  — 163.8°  ,  alkaloid,  [>]g  =  —  183.0°  (p  167) 

Oudemans  has  also  carried  out  investigations  on  the  effect 
of  alkalies  (KOH,  NaOH,  I,iOH,  Ba02H2J  NH8)  on  the 
specific  rotation  of  cupreine.2 

QUININE   (Methyl    ester    of    cupreine),     C,,HnNfO  OCH9 
+  3H20.     Crystals  ;  melting-point,  172  8°  8 
Ether  (d  —  o  7296)         .  c  —  i  5  to   6,     [«]£j  =  —  158  7  +  i  911  r     ] 4 
Alcohol  (97  vol  pc)        c~  i      "10,         "  =  —  145  2  +  0657^-     i 
Chlorof  -alcohol,  c  =.  2,     [a]«  =  —  141  o  ;     c  —  5,     [or]"}  =  —  140  5  J 

Anhydride,  C^HyN.^.     Amorphous 

Alcohol(97vol  p.  c  )  c  =  i,  [a]g  =  — 170  5°  ,  r=  2,  [or]1/;  —  —  169  25°"! 5 
Chloroform c=2,      "   =  —  1:6  o°  ,  c~s,       "  —  -  106  6     ] 

The  following  observations,  «,  ^,  and  c,  were  made  by 
Oudemans." 

«.  Absolute  alcohol.  Determinations  for  different  concen- 
trations and  temperatures  • 


/ 

C=  I 

C—  2 

c=3 

c==4 

<  =5 

c  =  6 

0° 

~  I7I.4 

—  1696 

—  167.9 

—  1661 

—  164  2 

—  162  4 

5 

1705 

1687 

167  o 

165.2 

1634 

1  61.6 

10 

169.6 

1678 

166.1 

1644 

162  7 

1609 

15 

168.9 

167  I 

165.4 

1637 

162  i 

1604 

20 

1682 

J666 

1648 

163.2 

161.6 

1598 

1  Oudemans,  p  166 

2  Rec  trav.  chim  Pays-Bas,  9,  171 
s  Gnmaux    Coxapt  rend.,  114,  672 

*  Hesse    Ann  Chem  (lyiebig),  176,206 
"  Hesse    Ibid,,  176,  208. 
o  TSrrf,  182,  44 

43 
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b.  Aqueous  alcohol,  c—  1.62,  t  =  17° 
Strength  of  alcohol  in  p.  c..       100  o      94.9    93.5    905    833    739    65.1 

[a]o —167  5°  169.7  1704  171  9  1743  176  i  176.5° 

^  Benzene  Toluene  Chloroform 

c  =  0.61  o  39  o  775  i  465 

[ff]l7  =  —  136  —  127  —  126  —  117° 

Chloroform-alcohol  mixture p  =  0.7  to  2  3,     [a]}*  8-'7  4  —  —  164.4°  l 

Hydrochlonde,  C20H2tN2OrHCl  +  2H2o.  I/rag  asbestos- 
like  prisms. 

a.  Water c=  1.54  to  I  62  (calc  as  alkaloid), 

[«]$  =  —  133-7°  (anhydrous)  ,  alkaloid,  [a]g  =  —  163  6° 
Absolute  alcohol    c  =  1.54  to  1.62  (as  alkaloid), 

My?  =  —  138  °°  (anhydrous)  ;  alkaloid,  [a:]^  =  —  169  o° 

The  following  data,  b  to  <?,  are  by  Hesse  8 

*   Water £  =  ito   3,  [a]'j=  —  14498  +  3.15*:, 

alkaloid,      "   =  —  167.41  +  4  71  c, 

2  mol  HC1  +  water,  c  =  i  to    7,        "  =  —  229  46  +  2.21  r, 
alkaloid,       "   =  —  280  78 -j- 3  31  r, 
Alcohol  (97vol  p  c  )  c  =  i  to  10, 

[a]/)  =  —  147  30  +  i  958  c  —  o  1039  ^  +  o  00211  c* 

c  When  aqueous  alcohol  was  used,  the  specific  rotation 
showed  a  maximum  with  60  volume  per  cent,  of  alcohol.  For 
c  =  2  and  t  =  15°,  the  following  figures  were  obtained 

Alcoholic  strength 

Vol.  p  c.      97               90  85               80                70 

[a]fl  =  — 143  86  —  160  75  —  168  25  —  174  75    _  182  27 

Alcoholic  strength 

Vol  p  c      60              50  40               20                o  (water) 

[a]fl  =  —  187.75  —  187.50  —  182.82  —  166.59    —  ^38.75° 

Chloroform-alcohol  mixture,  c  =  2,     [<z]}S  =  —  126.25° 

d.  Chloroform.     Anhydrous  salt,  c  ==  0.9  to  9  • 
!>]£  =  —  8l-81  +  23  756  f  —  3  9556  #  -f  o  2198  c* 

e.  Dilute  hydrochloric  acid      To  i  mol.  of  salt,  n  mol.  HC1, 
c=  2 

»  o  i  2  4  10  16 

[ff]2  =  — 13875      —2232      —2257      —2236      —2139     —209.5° 

i  I,enz    Ztschr  anal,  Chem  ,  27,  549 

s  Oudemans    Ann  Chem  (lytebig),  iga,  46. 

8  Ibid ,  176,  aio 
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Fuming  hydrochloric  acid,  c  =  2,  [>]$  —  —  158.8°. 

Diqmnine  Sulphate,  (C1QB.stN.2Oa)iJItSO4  +  8H2O.    Crystals. 
Alcohol  (80  vol.  p.  c  ) f  =  z,  O]*3  =  —  162  95°  •> * 

11        (60          "          ) C=2,  "     =  —  166.36 

Water  +  4mol  HC1 c  =  2,  "    =  —  239.2 

Chloroform-alcohol  mixture. . .  c  —  i  to  5,         "    =  —  157.5  +  0.27  £. 
40  cc  normal  HC1  -f-  water —  r  =  8  (anhydrous),  [a]g  =  —  229  03 


Absol.  alcohol,  c  —  i  54  to  i  62  (calculated  as  alkaloid) ,  salt  anhydrous, 

{a]i7  ==  —  157.4°  ;  alkaloid  [a]g  =  —  214  9°  8 

Absol  alcohol,  c  —  i  3,    [a]$  =  —  155  2°  ,  c  —  2.0,  [ar]g  =  —  158.4"  * 

Quinine  Sulphate,  CaoHa4NJ!O2.H2SOi  +  7H2O.  Rhombic  crys- 
tals. 

Water c  =  i  to  6,  salt,  [or]g  =  —  164  85  +  o  31  c , 

alkaloid,  [or]g  =  —  278.71  +  o  89  £ 
Alcohol  (97  vol  p.  c.)     . . . .  c  —  2,     [<*]Jf  =  —  134. 75°  }  * 

(So         "       )  f  =  2,         "  =  —  14275 

(60         "       ) c  —  2,         "=-15591 

Chloroform-alcohol  mixture    c  =  2,         "  =  —  138  75 

Water c  =  1.54  to  1.62  (calc  as  alkaloid), 

[a]55  =  —  213.7°  (anhydrous)  ;  alkaloid,  [a]g  =  —  278  i 
Absol.  alcohol  c  =  1.54  to  i  62  (calc.  as  alkaloid), 

[<ar]^  =  —  134.5°  (anhydrous)  ,  alkaloid,  [«]$  =  —  227  6° 

The  specific  rotation  of  alcoholic  solutions,  with  c  =  2,  de- 
creases, with  elevation  of  temperature,  0.65  for  i°  C.fi 

Quinine  Disulphate,   C20HMN2O,.2H2SO4  +  7H2O.     Prisms. 

Water <:  =  2toio,    [a]g  =  —  170  3  +  o  94  c\  » 

Alcohol  (80  vol  p  c.) r=i,  "  =  —  154-5 

(80       "       ) r  =  3,  [or]«5  =  -  iss.s11 


Water r=2toio,     [«]«  =  — 155.69  +  i  14  r 

Alkaloid        "  =  •—  284.48  +  3  79  r 

1  Hesse :  Ann.  Chem  (I/iebig),  176,  213 
3  Hesse    Ibid ,  905,  219 
«  Oudemans    /^?rf,  i8a,  46 

*  Ouderaaus.  Rec  trav  chuii  P»ys-Bas,  i,  27 
B  Hesse    Ann.  Chem  (I^iebig),  176,  215 

*  Draper.  Am  J  Sci ,  [3],  n,  42' 

*  Hesse    Ann.  Chem.  (Uebig),  176,  217 
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i  mol  quinine  hydrate  +  3  mol    H^SO^  +  water  to  100  cc., 
c  =  i  to  5. 

[a]^  (calc  as  hydrate)  =  —  246  63°  +  3.08  c 
[a]g  (alkaloid)  =  —  287  72°  +  4  19  c 


i  mol.  sulphate  -f-  2  Biol.  H2SO4  +  water  to  100  cc.     c  =  i 
to  10 
Salt     [or]g  =  —  171  68  +  o  78  c  ,    alkaloid,  [ojg  =  _  290  36°  +  2  23  c 

i  mol.  disulphate  +  i  mol.  HSSO4  -f-  water  to  100  cc.    c  = 
2  to  6. 

Disulphate  [or]g  =  —  153  87  +  o  92  c,  alkaloid,  [a]  $  =  —  281  15°  +  3  nc  l 

Oxalate,  (C20H2tN202)2C2H2O4  +  6H2O      Long  prisms. 
Chloroform-alcohol  mixture  .....  c  =  i  to  3,  [a]g  =  —  141.58  +  o  58  c  * 

Salt  with  3  Mol    Water  of  Crystallization 
Absolute  alcohol  ..........  c  =  i  54  to  I  62  (  calc  as  alkaloid)  , 

[a]g  =  —  131  4°  (anhydrous)  ,  alkaloid,  [a]g  =  —  160  5°  8 

Qmmne  Sulphonic  Add,  C^H^NA  HSO3  +  H2O.    Prisms  ; 
melting-point,  209° 

3  mol   HC1  +  water.   .  .  .  c  =  2  (anhydrous)  [a]js  —  _  182.2°  * 

Cupreme  Ethyl  Ester,  C19H21N2O  OC2H5.     White  amorphous 
mass  ,  melting-point,  160° 

Absolute  alcohol  ..........     [°^]a  =  —  169  4°  "> 

Cupreme   Propylester   Sulphate,   (C19H21N2O.OC3H7),.H2SO4 
+  iVsHjO      Crystals  ,  melting-point,  223°  to  224°. 
Concentrated  aqueous  solution  of  the  salt  dried  at  100°  : 
1X1"  =  —  229-5°  8 

Cupreme  Isopropylester  Sulphate,  (C19H21N2O.OC,H7)2.H2SOi 
+  H2O.     Crystals  ,  melting-point,  154° 

Concentrated  aqueous  solution  of  the  salt  dried  at  125° 


i  Hesse    Ann  Chem.  (lyiebig),  176,  182 
^  Hesse.  Ibid  ,  176,  218 

*  OudemanS    Ibid  ,  182,  46 

*  Hesse*  Ibid,  367,  141 

*  Gnmaux,  Arnaud.  Compt  rend,  112,  1364 

*  Grimaux  and  Arnaud    Ibid,,  114,  672 
i  Gntaaux  and  Arnaud  .  Loc  at 
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Cupreine-  Quinine      (Homoqumine) ,    C^HjjNjOj.C.jjH^N'jOj 
~f-  4H20.     Triclinic  crystals  ;  melting-point,  177°. 
Alcohol r  =  5,     [a]z>=— 158°* 

Sulphate,   (C10H22Na02.CMHs4N202)a.H2S04-|-  6HaO      Color- 
less prisms. 
40  cc  norm.  HC1  +  60  cc.  water,  c-=  5  (anhydrous),  [<*]$  =  —  235 

T 


Water  with  o  5  p  c.  H2SOi,  c  =  5,     [or]z>  =  —  209°  * 8 


ii  •<      IQ      .<  ii         C=S,  "    =—220 

Nitrocamphor  Quinine,  C20H24N2Oa  -f-  2CtoHu(NO2)O  +  H/X 
Needles;  melting-point,  about  131  (decomposes). 

Alcohol ^  =  272,     [tt]y=-|-4590* 

Acetyl    Quinine,     C20HZS(C2HSO)N2O2.       Prisms;    melting- 
point,  1 08° 

Alcohol  (97  vol  p  c) c  —  2,     [«]g  =  —   54  3°  j8 

3mol  HC1  + water r=2,          "    =  -  114.8  ) 

Propionyl  Quinine,   C20H28(CSH6O)N!!O2.     Rhombic  prisms; 
melting-point,  129°. 

3  mol    HC1+ water c=2,     [a^  =  —  108  8°  a 

APOQUININS,    C19H32N2O2 -1- 2H2O.      Amorphous,   melting- 
point,  1 60°  (turns  brown) 

Alcohol  (97  vol   p.  c  ) c  =  2  (anhydrous),  [or] JJ  =  —  178  i°\7 

3  mol.  HC1  +  water c  =  z  "  "=  —  2466) 

Alcohol  (97  p.  c  ) c=  07877,  [a]1^  =  — 217  i°  8 

Diacetylapoquimne,  CinHao(CjHaO)j,NaOj.     Amorphous 


Alcohol  (97  vol  p.  c.) c  =  2,     [a]g  =.  —    61  8°\ • 

3  mol.  HC1  + water <r=2,          "   =  —  107  5  ) 

Hydrochlorapoquinine, ,  C19H23C1N2O2  +  2H2O.    Flakes ,  melt- 
ing-point, 160°. 

Alcohol  (97  vol  p  c  )        . .     .  c  =  2  (anhydrous) ,     [or] g  =  -  149^  i°  j I0 
3  mol.  HC1  +  water c  =  2  "  "=  —  2457) 

i  Howard,  Hodgkin    J  Chem  Soc  ,  41,  66 .  Ber  d   chem  Ges  ,  15,  Ref  179 

-  Hesse    Ann  Chem.  (I<iebig),  335,  104 

*  Howard,  Hodgkin   J.  Chem  Soc ,  4«,  66,  Bei  d  chem  Ges  ,  15,  Ref  734 

*  Cazeneuve  *  Bull  soc.  chim  ,  49,  97 

<>  Hesse    Ann  Chem  (I/tebig),  305,  317 

•  Hesse    Loc,  cit ,  p  358. 
t  Hesse    Loc,  cit ,  p  323. 

8  I,ippmann    Ber  d  chem,  Ges  ,  28, 1972 

•  Hesse,  p  337. 
10  Hesse,  p  341, 
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CHITENINE,  C10H22N2O4  +  4H2O.     Crystals 

Alcohol    (^  =  0958)   ^  =  0.1093,     &  —  °-9595»     [«]0  =  —  142.7°  * 

QUINICINE,   C20HS4N2OS.     Amorphous;  melting-point,   60°. 
Chloroform    c—z,     [a]g  =  +  44  i°  2 

Oxalate,  (C!!0HMN2O!!)iJC2H2Oi  +  gH2O      Crystals 
Chloroform-alcohol  mixture. . .     c  =  i  to 3,     [tf~lg  =  +  20.68  —  i  14 £ i  * 

Water <r=2,  "=+954  [ 

Water+2mol  H2SO4 c  =  2,  "  =  +  15  54  J 

QUINIDINE  (Conqumine),  C20H24N2O2.  Crystals  (from  ben- 
zene) ;  melting-point,  171  5°  (corn). 

I  vol.  alcohol  (97  vol.  p  c  )   (p  —  21,       [a]^ 9  =  -f  269.7°  )  * 
+  2  vol.  chloroform         \p  =  i  06,     [a]g    =  -+-  274  7  j 

Benzene ^=162,         "     ==  +  195.2 

Toluene ^=162,         "     =  +  206.6 

Chloroform c=  I  62,          "     =  +  2288 

Alcohol  (wt.  p  c  )  loo.o        95  3        90  5        85  o        80  o        75  o) tt 

[«]g=         +2554°    2576      2590      259.4      2593      259.4]" 

Alcohol  (97  vol  p  c.) c  —  i  to  3,     [a]*f  =  +  269  57  —  3  60  c } T 

Chloroform ^  =  1756,          "    =  +  23035°  J 

Alcohol,  [ai]j  =  268  6°  ;  methyl  alcohol,  O]/  =  257.5°. 
Wyrouboff8  explains  this  difference  by  formation  of  alco- 
holates:  (C20H24NA)CH4O,  [«l  =  +  236  i°and  (C20HMN2Oa) 
C2H60,  [«L= 


CMHMN2OS  +  2Y,H2O  (from  water)  : 

Alcohol  (97  vol.  p  c  ) c  =  i  to  3,     [a] js  =  +  236  77  —  3  01  c} 9 

(80       "          c  —  zt  "=  +  2327° 

Chloroform-alcohol  mixture  ••  c—  I,  "  =  +  244  5 

"         '=2,  "  =  +  24175 

Neutral  Hydrochlortde,   C20H24NaO2.HCl  +  H2O.     Asbestos- 
like  prisms 

1  Skraup    Ann  Chem   (I/iebig),  109,  352  ' 

2  Hesse    Ibid,  178,260. 

3  Hesse,  p  261 

*  I,enz    Ztschr  anal  Chem  ,  37,  571 

6  Oudemans  .  Ann  Chem  (I^iebig),  182,  44 

»  Oudemans,  Ibid,  182,48 

^  Hesse    Ibid,  176,  203, 182,  128 

8  Compt  rend  ,115,  832 

0  Hesse    Loc  cit 
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Water  .....................  c  -=  i  to  2, 

Calculated  for  alkaloid, 
Water  +  2molHCl| 
for  i  inol.  alkaloid  J 

Calculated  for  alkaloid 
Alcohol  (97  vol  p.  c)  ........  f=2to5, 

11       (80       "        )  ........  c  —  v. 


[a]  g  —  +  205.83  ~4-93  f 
"  —  +-  240.45  —  6.60  c 

=  +  ^.56-3.09* 

' 


Salt  (r  =  1.58  alkaloid), 
Alkaloid  (calc.)  ........ 


"  —  +  338.37  —  4.52 
"  —  -f  212.0    —  2.56 
"  =  +  230.25 
+  2H2O.     c—  2.0  (anhydrous)  • 

Alcoliol 

Water,    Abs  alcohol   (goswt  p  c  ). 
-f  190.8°        199.4°  213  o° 

+233.6         2441  260.7 


Add  Hydrochloride,  C201 
Water  

IMNA  2HC1  +  E 
.  /•  —  •  2     r^H's  —  ~  -f- 

.     c.    —  -  A,       L^J.iJ            1 

^NA^.H^O,  + 

i                        [«] 
alkaloid,       ' 
2  (anhydrous),          ' 
alkaloid,      ' 
=  2  (anhydrous)  ,      ' 
alkaloid,      ' 
2  8  (anhydrous),  [or] 
alkaloid,       ' 
2,                           [or] 
2, 

2,                                          ' 

3  (anhydrous),         ' 

[2O.     Prisms. 
250.3°  « 
2HaO.     Prisms. 

^  =  H-i79-54°]4 
=  +  215-55 
—  f  286.4 
=  +  329.8 
=  -|-  281 
=  +  323        J 
I  =  -|-  211.5     Y 

—  +   255  2       , 

j  -  -f  2182°   V1 
=  +  227.0 
.—  -f  209.25 

--  _L.  184  2 

Neutral  Sulphate,  (C20H 
Water  c  — 

4  mol.  HC1  +  water,  c  = 
5  mol.  HjjSOj.  +  water,  c  - 
Absolute  alcohol  •  •  •  •  c  = 

Alcohol  (80  vol.  p  c.)  £  = 
(60       "       )  t  = 
Chlorof.  -alcohol  mix.  r  = 

OVilnrrvFnrrn  /•  — 

"            £  — 

-  4-  180  i 

And  Sulphate,   CloHltN,01.HISO4  +  4HaO.      Asbestos-like 
needles. 


Water     ................  c  —  2  to  8,  [>]}? 

alkaloid,  " 

2  mol  Hj,SO4  +  water  .....  c  =  i  to  10,  " 

alkaloid,  " 

Alcohol  (97  vol  p.  c)  ........  £=2,  " 


-\  212  o  -  o  8  i. 
=-  +  323  23  —  i  86  c 
—  +  215  49  ~  i  41  ( 
--  +  328  55  —  3.27  c 
-  ~|  183° 


Nitrate,  C20HMN2O2.HNOa.     Short  thick  prisms 
Absol.  alcohol,  c  —  2  17,     [a]g  ==  +  199.3  ,  alkaloid,  [cr]^  —  +  232.6°  " 

1  Hesse    Ann.  Chem  (I,iebig),  176,  225 

-  Oudemans     Ibid  ,  i8a,  49, 
3  Hesse  •  Loc  at 

*  Hesse. 

6  Oudemans  A 

Q  Oudemans    Loc  cit, 


680  CONSTANTS  OF  ROTATION  OF  ACTIVE  BODIES 


Oxalate)  (CaoH^NjjOj^jjCjH^  -j-  HaO.     Very  small  crystals. 
Chloroform-alcohol  mixture ...     c  =  i  to  3,     [or]  $  =  -f-  189  o  —  218  c1 

Acetyl  Quimdine>  CaoH2,(C!!H3O)NliOJ  Amorphous. 
Alcohol  (97  vol  p  c  ) . . . .  c  —  2,  [«]$  =  +  127  6°  \ z 
3  mol  HC1+ water c  =  2,  "  =  +  158.6  j 

APOQUINIDINE,    Cjj,Ha2N2O2  -j-  2H2O.     Amorphous  ;    melt- 
ing-point, 137°. 

Alcohol  (97  vol  p  c.) £  =  2  (anhydrous),  [a] *s  =  +  155.3°  Is 

3  mol    HC1  +  water £=2  "  "   =  +  216  5   J 

Diacetylapoquinidtne,  C19H20(C2H3O),lSr2O^      Resin  ;  melting- 
point,  60°. 

Alcohol  (97  vol  p  c.) c  =  2,     [a]g  =  +  40.4°  1  * 

3  mol  HC1+ water r  =  2,         "  =  +  78  4  j 

Hydrochlorapoquinidine,     C^H.jjClN'.jOj  +-  2H2O.     Crystals , 
melting-point,  164° 

Alcohol  (97  vol.  pc.) c—  2  (anhydrous),     [#]$  =  +  203.7° "1 5 

3  mol.  HC1  +  water   c  =  2  "  "   =  +  258  4   J 

Diacetylhydrochlo rapoqmn idine,  ClnH21(C2HsO)2ClN202 
Rhombic  leaves  (from  ether)  ;  melting-point,  168°. 

3  mol   HC1  +  water c  —  2,     [a] «  =  +  94.6°  B 

CINCHONINE,   CWHMN,,O      Crystals ;  melting-point,  255  4° 
(corr.)  T 

Alcohol  (97  vol  p  c.)   r  =  o.5,     [a]g  =  + 226.26° 

*==!,  "  =  +  22596 

Chloroform-alcohol  mixture..     -.  <?=ito5,     "  =  +  238  8  -  1.46  c< 

Absolute  alcohol c  =  0.5  to  o  75,     [<a:]g  =  +  223  3° 

Chloroform c  —  0.455,  "   =  +  2148 

^  =  0.535,  "=  +  2123 

£  =  0560,  "   =  +  2096   J 

Chlorof  -alcohol  mixture  p  =  i  061,  o?«  8  =  i  2508,  [«]  J| B  =  +  239.40°  •>  10 

^  =  2123,  flJ«  =  =  i  2497,  [ar]^  =  =  + 234.55   f 
Absolute  alcohol    c— o  4715,     [or]],  =  +  222.92°  " 

1  Hesse 

2  Hesse    Ann  Cheni  (I/iebig),  305,  318 

3  Hesse    Ibid  ,  p  326 

4  Hesse    Ibtd.,  p  327 
6  Hesse    Ibid ,  p  343 

0  Hesse    Ibid  ,  p  352 

1  I,enz ,  ztsehr  anal  Cbem  ,  37,  572 

*  Hesse    Ann  Chem  (I^ebig),  176,  228 
0  Oudeinans    Ibid,,  183,44 

10  I,enz    Loc,  cit 

11  Pum    Wien.  Monatsh  Chem  ,13,  683 
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From  benzoyl  cinchonine. 

Absolute  alcohol c  —  0.75,     [«]$  =  +  233.  i°  * 

Neutral  Hydrochlortde,   CuK^O-HCl  4-  2H2O.     Rhombic 
crystals. 

Water    ^  =  05  to  3,     [a]g  =  +  165  50  —  2  425  c~\ 

alkaloid,         "  =  +  204.46  —  37     c 

2  mol.  HC1  +  water c  —  r  to  7,  "  =  +  214.0   —  1.72   c 

alkaloid,         "  —  +  264.37  —  2.625  c 

Alcohol  (97  vol.  p.  c  )  c  =  i  to  ro,  [a]1,!  =  179  8r  —  6  314^  +  o  8406^ 

—  o  0371  r8 
"        (So        "      )  *=a,  "  =  +  188.9° 

"  (60  "        )   C=at  '«    =+195-5° 

Chlorof. -alcohol  mixt  £=2,  "  —  +  152.0 

^4«<a?  Hydrochlonde,  CjoH^N^O  aHCl      Prisms. 

Water    £  =  3,     [or]^  =  +  206  1° '• 

Neutral  Sulphate,  (C19H2,N2O)2.H2SO4  +  2H,O     Monoclinic 
crystals. 
Water c  —  i  to  2,     [or]  f  =  +  170  3    —  o  855  c  -, ,  4 


alkaloid, 

2!/2  mol    1-1^804  H-  water. .      c  =  o  5  to  6, 

alkaloid, 

Alcohol  (97  vol  p  c  ) r  =  3  to  10, 

(So        "        ) r=2, 

"        (60        "       )  .     ..  c  =  a, 
Chloroform-alcohol  mixture,  c.  =  2, 


+  206.79  —  i  26 
=  +  219  10  —  i  85    c 

—  +  266.07  —  2  69     C 

==  +  193  29  —  0  374  c 
=  +  202  95 

-—  +  204  14 
=  +  185  25 


According  to  Wyrouboff,6  the  sulphate  and  selenate  of  cin- 
chonme  ([«]>  =  234°)  take  up  one  molecule  of  crystallization 
alcohol  from  alcoholic  solution. 

(C19HS2N20)2H2S04  +  C.H.O,    \a\  -  +  185°  ; 

(C19H!!2N20)2H2Se04+  C2HBO,      "  =  +  182  5°. 

Oxalate,  (C1DH22N20)11C,!H:1Oi  +  2H2O.     Prisms. 
Chloroform-alcohol  mixture.   ...  c  =•  I  to  3,     [or]  «  =  165  46  —  0.763  i  • 

Wyrouboff7  gives,  also,  the  constants  of  rotation  of  cincho- 


Compt  rend.,  117,  no 

2  Hesse    Ann  Chem  (I^iebig),  176,  230 

3  Hesse    Ibid.,  376,  91 
*  Hesse,  Ibid  ,  176,  331 
6  Compt  rend  ,  115,  832 

0  Hesse    Ann.  Chem.  (Hebig),  176,  232 

1  Ann.  chim  phys.,  [7],  1,5 
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nine  salts  which  have  separated  from  different  solutions  com 
bined  in  crystalline  form  with  part  of  the  solvent 

Ditsobutyldnchomnehydrobromide,  CJ6H.2iNzO  CtH,,Br  +  H2O 
Melting-point,  176° 

Water  .............  P  =  i,     [a]g  =  +I2501 

Acetylnnchonine,  CigH2i(C2H8O)N!10.     Amorphous 
Alcohol  (97  vol  p  c.  )  •  •  •  c  —  2,    [ar]g  =  +  114  i°  >  2 
3  mol    HC1  -f  water  .....  c—zt         l<   =  +  139.5   / 

Hydrochlorctnchoninedihydro  chloride,    C](i)H28ClN,jO  .  sHCl. 
Monochnic  crystals 

Water  ................  c  =  3,        [«]g  =  +  185.9°   8 

i  mol  HC1  +  water  ...<:==  2  4  v         "  =  +  187 


jjHjjjNjjO.  Probably  identical  with  one  of 
the  bases  made  by  Jungfleisch  and  ke'ger  (see  below  )  .  Crystals  ; 
melting-point,  250°  to  252°. 

Absolute  alcohol  .........  c  =  o  4715,     \_ci\D  —  +  195  77°  * 


Ci8HMN20     Prisms  ;  melting-point,   150°. 

Alcohol  (97  p  c  ) c=i,     [a]g  =  +  125.2°  •) 8 

2  mol    HC1  +  water.  .  c=i,         "  =  +  176  9 
4    "        "    -f      "     ..  c=  i,         "  =  +  1782 


(Cinchomline),  C1BH22N8O.     Anhydrous 
monoclinic  crystals  ;  melting-point,  i26°;6  125°  to  127°;''  130.4° 
(corr.).8 

Absolute  alcohol  ........  c  =  3,        [or]  g  =  -f  51.6°  ° 

Alcohol  (97  p  c)  .......  c=i,  "   =  +  5322)in 

"        ......  '  =  05,     [a]g  =  +  503   ) 

According  to  Hesse,  this  last  value  is  wrong,  because,  as  he 
finds,  the  rotation  increases  with  increasing  dilution. 

2  mol  HC1  +  water  ......  c  —  I,     [a]1^  =  +  59  15°  \  10 

4    "      "     +      "    ......  tf=i,         "   =  +  6310 

1  Vial  .  J  pharm  Cbim  ,  [5],  30,  52. 

*  Hesse   Ann  Chem  (I/iebig),  205,  321 
3  Hesse    Ibid  ,  276,  no 

*  Pum    Wien  Monatsh  Chem  ,  13,  683 

*  Jungfleisch,  Wger  .  Compt.  rend  ,  n8,  31 
6  Hesse    Ann  Chem  (I4ebig),  276,  93 

t  Comstock,  K6mgs    Ber  d  chem  Ges  ,  ao,  2521 
»  Jungfleisch,  I^ger    Compt  rend  ,  106,  658 
9  Hesse 
i»  Jungfleisch,  I^ger 
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Hydrochloride,  C1DHMN,O.HC1  •+•  soraH.O,  Prisms  ;  melt- 
ing-point, 226°, 

In  pure  aqueous  solution,  the  salt  with  2  molecules  of  water, 
forr  2.5,  and  the  salt  with  3  molecules,  for<r-—  4,  do  not 
rotate  the  plane  of  polarized  light. 

Salt  with  2  mol.  H,0. 
31110!  HCl  }  water,  r     4,    [<r]}J  -  -\  40.6° ;  alkaloid,  [a] g    --f-so.601 

Salt  with  3  mol.  H,0. 

Water <•  j,  [a]j«  |-   5.0" 

a  mol.  IIC1  |  water  c  r,         "  -|  59.3 

4    "         "  -I-      "      <  r,         "  --1-63.1 

From  this  difference  in  optical  behavior,  Hesse  concludes 
that  flr-isocinchomne  is  different  from  cinchoniliue. 


Chhr-Gt'isocinf hotline  t    CtBHMClN»O.     Anhydrous    colorless 
prisms;  melting-point,  172°. 

Atwiolute  alcohol t  _-  1.868,     [«]}f  -     |-  67.6°  " 

/0-IsociNcnoNiNK    (Cmchoni'gine),     C^H^N^O.      Prisms; 
melting-point,  125°. 

Absolute  alcohol....  t       i,     [rt]»J  53.I20]1 

11     f      3.         "   -    -55-10  J 

Colorless  prisms  ;  melting-point,  128°  (corr.). 

Alcohol  (97  p.  c. ) t    -i,       [cr]  J{    -    -  60  i°  - 

f       0.5,     [rt]/j      — 61.16 

a  mol.   IIC1  |   water <       i,  "        --40 

4     "         "|        "    t        i,  "  -  38.21 

Hydrochhridc,   CMHBNjO.HCl -|- H,O.  .Prisms;    melting- 
point,  201°. 

Watei t  i,  [a-];?  --   68.10° 

11     t  2  "     -        71  03 

3  «iol.  IIC1  -\  water- «.  t  -2  "  -    28.3 

2    ll       "|       "    ...  t  s  "  -     3-1-0 

5     "        "|       "    ...  r  2  "  -    27.9 

Chlorofoim t  =2  "  -  149 

i  Hesse, 

fl  jtingfleiflch,  I«£ffer. 

•<  IlesBe:  Ami,  Chem.  (Wcbig),  »y6,  97. 

•<  Heflse:  /fctf.,  ado,  315 

fi  JuugfleiHcli,  Jv6ger.  Compt.  rend.,  106,  3s8, 

"  Hesse:  Ann.  Chcni.  (Wchiff),  atfo,  aifi. 


KWJ.AO.IUA  Ui-  AL-iiVi,  UODIEb 


As  distinguished  from  all  other  di-acid  cinchona  alkaloids 
the  rotating  power  of  this  alkaloid  increases  with  the  concen 
tration.  but  decreases  with  increase  of  acid 

C^H^N.O.IICl  -  2H3O  Colorless,  prismatic  needles 
melting-point,  21  y  (corr.). 

Water  ............  t-  i.    [cr]|s  ^  -  65  41°  l 

CINCHONIDIXE,  CISH«X,O     Needles. 

Alcohol  '  97  p  c.  )  ...........  f~  0.75,    [a"\'D  =  -f  195.0°  2 

Alcohol  ............   t-  —  o  75,     [or]}*  =  -f  201  4°  -,  ' 

2  HC1      water  ..../--  i,  "•  =  -±-  228  9 

2HCI-      '       .....  /-1-5  "=J-a25i3 

4HC1-        "      .....  /-i,  "=+  226.3   J 

APOCIXCHOMNE,  CWHMX_,O.     Prisms  ,  melting-point,  209°;* 

22S2. 

Alcohol  ^97  p  c  i  ......  r=    I,         [nr]g  =  -f-  1600°  -|  6 

2  inol    HC1  —  water-   -.  t  -   2.  "  =  —  2125    j- 

3  "        '     -       "•    .....       a,  "  —  -t-  2123    J 
Chlurofunn  mixture-  •••  <  -=  3,              "   —  -f  1975    T 

\lv5olutealcohol  ......    t  --  1.56,     [«]^  =  -f-  159.7   8 

Hidtockhndt.  C  ,HWN.O  HC1  -  2H,O.     Needles. 
Water     .     .     £    -  ou?6      [u]^f  •=  —  1390*  ,  alkaloid,  [or]1^  —  -f  171  9° 
......  *  -  u  oi  .  "   =  -  I3&  5  .  "  "   =  +  171  3 

......    0015  --J-I3$5;  "  "=-7-1713 


,  C^H^X.O.HBr  T  H,O.     Needles. 
Water  ......  t"      oo--6,  [it]>    -—  1262°,  alkaloid,  [«]^  —  -f  1687 

ff  \Jtwdid*    C  ,H,  N  O  HI  -  H.O.    Needles. 
Water  .  .        -    -  .  <o6«     [a]  '  •=  ~  117  2s  ,  alkaloid,  [or]^  =  +  175.5 

Sulphate   »C,H  X.O»,.H.SO4  —  3HSO.     Needles. 
Wattr..  .     .  ,  --  000^,  'tr  ;  ~  —  1300°  ,  alkaloid,  [t*]^  =  -i-  164.0 

(  'AA-nr  V  ,  C  ,H  ,_  X_O.  HC1O  .     Needles. 
Wite*.     .     .      .    o  jj6q,  [uV  —  —  1290=  ;  alkaloid,  [<z]«  =  -f-  166.2° 


rend  ,  io«,  :5» 
-  Jungflei«:h  l^jre-    *  •«#    icj,  -35-  ,  Bnll  -oc  chim  ,  49,  747 

<r'    Compt  rend  ,  118,  ?-> 
ABU  Chers    Laebjg    aoji,  jv 


<*td«nsanh    kte  trar  chj*n  I«ay<t-Bas>  i,  175 
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PercMorate,  CI9HwN/).HClOt  -f-  H,O.     Needles. 
Water c  —  o  0052,  [>]$  =  -f  124  g°  ;  alkaloid,  [«]$  =  -f  I75.301 

Oudemans1  studied,  further,  the  effect  of  acids  (HC1,  HBr, 
HNOS>  HC10,,  HC10t,  CHA,  C2H4O,,  H3SOt,  C2HaO4,  HSPO4, 
C6H80.)  on  the  rotation  of  apocinchonine. 

Acetylapocmchomne,  C,,H21(C3H3O)NZO      Crystals 

Alcohol  (97  vol  p  c.) c  —  2,     [«]g  =  +  71  4°  %  2 

3  mol  HC1  -f  water  ....     c  =  2,         "   =  +  97  9   } 

Chlorapodnchonine,  C18HaClN.,O  Needles  ,  melting-point, 
197° 

Alcohol  (97  vol.  p  c  )  ...  c  —  0.5,          [a]  g  =  +  205.4°  •>  • 

3  mol  HC1  + water c—2,  "  =  +  208.0   / 

Alcohol  (97  vol  p  c  ) . . . .  c  =  0.4745,     [<*]£  =  +  211°  1 1 

...    C=  0.2655,      [>]£  =  +  210     / 

Neutral  Hydrochloride,  C19H23C1N2O.HC1  +  H2O  Needles. 
Water c  ~  o  0045,  [a]*f  =  -f  165.9°  5  alkaloid,  [>]$  =  -f  193  2° 

Acid  Hydrochloride,  CiaH23ClN.,O.2HCl      Pnsms. 
Water c  ~  o  0197,  [a]$  =  +  185  o°  ,  alkaloid,  [a] 5}  =  +  226° 

^K/jMafe,  (CMHIIClNaO)JHJ304  +  3H,O.     Needles 
Water. ...        f  =  o  005,    [a]g  =  +  156  6°  ,  alkaloid,  [a] j«  =  4-  192  5° 

Wi/rafe,  C^H^CIN.O  HN03.     Needles 
Water. ...        c  ~  o  005,     [a]^  =  -J-  173  5°  ,  alkaloid,  [a] j«  =  +  194  8° 

Chlorate,  CWH2SC1N2O.HC1OS      Crystals 
Water *  =  0.005,     [a]*«  =  +  155  3°  ,  alkaloid,  [a]  j«  =  -f  194  9°  * 

On  the  effect  of  acids   (HC1,  HBr,  HNO3,  HC1OS,  HC104 
CH202>  C2H402,  H2SO,,  C2HA,  H.PO,,  C6H8O7)  on  the  specific 
rotation  of  chlorapocinchonine,  see  paper  of  Oudemans.4 

Acetyl  Chlorapodnchonine,  C19H22  ( C2HSO  )  C1N2O    Amorphous 
varnish. 

Alcohol  (97  vol.  p  c  ) ....  c  =  2,     [a]£  =  +  108.0°  -»  6 
3  mol.  HC1  +  water  ...     c  =  2,          "   =  +  118  8   } 
l  Oudemans    Loc  cit 

*  Hesse    Ann  Chem  (I,iebisr),  aoj,  338. 

3  Hesse    75yd ,  p  349 

*  Oudemans    Rec.  trav.  chim.  Pays-Bas,  i,  182 

4  Hesse   Ann  Chem  (I&tng),  305,  354. 
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ixE,  CtoHwN4Or    Amorphous. 
Alcohol  i  97  vol.  p.  c  )  —  c  —  2,    [tf]g  =  -j-  20.0°  -j  ! 
}mol    HC1  —  water....     f  =  2,         "  =4-236  J 

Jungfleisch  and  I^eger2  look  upon  this  body  as  a  mixture  c 
several  bases,  Hesse,  '  however,  not. 

DtacetyUpocinchonine,  CfcH«  (C2HSO),N4O,.    Yellow  varnish 
like  mass. 
Inactive  in  2  per  cent,  alcoholic  solution. 

5mol    HC1  —  *ater  ............  r=2,    [fr]*s  —  -f  26.1°  * 

IbOAFOCxxcROsriNE,  CWHBX,O.    Anhydrous  prisms  ,  melt 
ing-point,  223*  to  224*. 

Absolute  alcohol  .......  c  —  3,    [ttjg  =  -f  186  2°  s 

APOXSOCIXCHOSINE,  Ct!,HKJSTA    Anhydrous  white  needles  j 
melting-point,  216°. 

Absolute  alcohol  .......  c  =  3,     [«r]g  =  +  166.8°  6 

Chlorapoisocinchonine.      C^H^CIN.O.      Anhydrous     white 
needles  ;  melting>point,  203° 

Absolute  alcohol  ......  r  =  3,    [a]  js  =  -j-  189  8° 

idt,  C,,HttClN,0.2HCl       Anhydrous  crystals. 
er  ............  f==3,     Ml?  =  +  172.5°  7 

HOSKICXSCHOSISE.CI,H]UX<O.   Prismsjmelting-pomt^si0 
2  wil  chloroform  -f  i  vol    absolute  alcohol  .  .  c  =  3,     [a]g  ==  +  2os  9o 

Ihdrochhnde,  C^H^O.HCl  -f  2H,O.     Needles 
Alcohol   97  vol  pc.)  .........  f==  ==0 


,  Cj.H.X.O.aHCl.     Prisms. 
Water  ........  f  ^  2  528,    [a]',  =  + 


2  vul  chloroform  -  i  ,oi.  absolute  alcohol.  .  .  c  =  3,     [<r]g  =  +  I9g  4o 
HeBw     \aa  Che»  'tj 

*  Cooipt  rend    114,  IIg3 


Hnw   /W,  ay*.  1.7 
H«wf    /*rf   aj*.  roo 

Bwn*    /Aw<  t  a*  ia 


ALKALOIDS 

Dthydrockloride,  C19H2aN20  2HC1.     Prisms. 
Water  ............  <r  =  3,     [a]     = 


,  C19HMNgO2.     Colorless  flattened  prisms. 
Alcohol  (97  vol  p  c  )  ........  <r  =•  I,     [<*]£  =  +  182.56° 

2mol  HCl-j-  water  .............  r=i,     [or]g  =  +  210.76 

Hydrochloride,  C]9H22N2O2.HC1.     Colorless  needles  ,  melting- 
pomt,  230°,  with  decomposition. 

1  mol.  HC1  +  water  ..........  e=i,     [a]g  =  -f-  174-37°  * 

/S-OXYCINCHONINE,    C19H22N2O2.      Needles  ;   melting-point, 

273°- 

Alcohol  (97  vol  p  c.)  .......  c=i,     [ff]j  =  +  187  14°  3 

[a]  fl  =  +1888°* 

CINCHOTENINE,  C18H20N208  +  3H2O(?).     Crystals  ;  melting- 
point,  197°  to  198°. 

Chloroform-alcohol  mixture  .  -  c  =  2,     [a]«  =  -f  1  15  5°  \  s 

2  mol  H2SO4  +  water  ......  c  —  2,          "    =  +  175  5   J 


CINCHOTENICINE,    CuH^NjO,.      Dark    brown    amorphous 
mass;  melting-point,  153°  (uncorr.). 

Water    .........  ^  =  2614,     [a]g  =  +  o  9°  6 

CINCHOTENIDINE,  C18H20N2Oj  +  3H2O.  Monoclmic  prisms  ; 
melting-point,  256°  (corr.). 

Water  .............    p  —  o  212  [or]^  =  —  189°  7 

3  mol  HC1  +  water.   •  f  =  5  (anhydrous),  |>]j.f  •=  —  201  4°  8 

CINCHOOTCINE,  C19H22N2O      Tough  yellowish  mass. 

Alcohol  (95  vol.  p  c.).     .  •-  c  —  i,     [or]g  =  +  48°  •»  8 
Chloroform  ...............     c  —  2,          "   =  +  46  5  ; 

1  Hesse    Ann  Chem  (I/iebig),  276,  107  and  108 

*  Jungfleisch,  I,eger    Compt  rend  ,  108,  952 

3  Jungfleisch,  I<£ger    Compt  rend  ,  105,  1257  ,  Bull  soc  chim  ,  49,  747. 
i  Jungfleisch,  Wger    Compt  rend  ,  119,  1264. 

*  Hesse    Ann  Chem  (Liebig),  176,  233 
c  Hesse    Ber  d.  cnem  Ges  ,  II,  1983 

*  Skraup,  Vortmann    Ann  Chem  (I^iebig),  197,  240 
s  Hesse    Ber  d.  chem  Ges  .  14,  1893  (note) 

s  Hesse    Ann  Chem  (t,iebig),  178,  262. 
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Roques  obtained  it  in  crystalline  condition,  and  found  . 
Alcohol  ................  [«]/>  =  +  48  25°  I1 

2inol  HC1  -water....         "   —  +  2872   f 


Ovabie,  (C14HJ2N20),CSHA+  3(?)H,O.     Crystals. 
Alcohol  (97  vol  p  c)  .....  c  =  2,  [«]«  =  +  23  5°  }* 

Chloroform-alcohol  mixture  c  =  i  to  3,         "  =  +  23  i 
Water    ..................  <r  =  2,  "   =  +  226 

2  mol.  H,,SO4  —  water  .  .  .  c  —  2,  "  =  +  25  75 

CINCHONIDINE,  CWH22N3O.     Crystals  ,  melting-point,  207. 
(corr.)  /  200°  to  201°  ,*  210.  5°.  "' 
Alcohol  (97  \ol  p.  c  )  .......  c  =  i  to  5,     [a]  Jf  =  —  107.48  +  o  297  1 

f95    "      "   )  .......  r  =  2,  "   =  —  H353  +  0426^ 

(So    "      "   )  .......  c  =  2,  "   =  —  119.5 

Chloroform-alcohol   mixtures  =2,  "  =  —  108.9 

Chloroform  ..............  £—2,  "   =  —   83.9 

Absolute  alcohol  r  --    15  2  25         3  35  4 

/_^I5°        —110.0°      109.6°    109.2°     1088°    108.4°      1080° 
20         —  109  o        108.6        108.2    107.8      107.4        I07  ° 
Alcohol  iwt.p  c)  loo.o         90.5      802        708         600 

For   t  —  i  54,      [a]5  =  —  109,6°        1150    1178      120.4        1211 
Chloroform  ......  c  =  i  545,     [«]£  =  —  77-3° 

......  f==34ii  "  =  —  740 

Chloroform-alcohol  mixture.  .  .  p  =  i  i  to  2  i,     [a]g=-lS*°  =  —  107  9 
Chloroform  ..................  c  =  4,  [tf]g  =  —    7oo°19 

3  mol    HC1  ~  water  ........     ^  =  5i  "   = 


Hydrockloride,   CWH,,N2O.HC1  -f  H,O.     Triclmic  crysta 
Water  ...............  c  =  I  to  3,     [a]g  =  —  105  34  +  0.76  c 

alkaloid,         "  =  —  123  98  +  *  °5  c 

Water  —  2  mol  HC1--  •  c  =  i  to  10,       "  =  —  154  07  +  i  39  c 
alkaloid,        "   =  —  181  32  +  i  925  c 
Alcohol  i  97  vol  p.  c  )  ----   c  —  3,  [a]'?  =  —  108.0° 

sSo    tk       "  }  ....  r=2,  "   =—135.25 

Chloroform  ..............  r  =  2.85  (anhydrous),        "   =—   242 

zmol    HC1  —  water  ......  c  =  10,  |>]=°  =  --  142  i° 

i  Corapt  rend  ,  iao,  1170 

"  Hesse    Ann  Cbem  (I^iebigl,  178,  263. 

"  Lenz    Ztschr  anal  Chem    37,  565 

*  Hesse    Ber  d  chem  Ges  ,  14,  1891 

*  Skrmup  Vortmann    Ann  Chem  (I^iebig),  197,  229 

*  He«e    Ibid  ,  176,  119. 

"  Oadewans    /^«f  ,  iSa,  44- 

*  If  ax    iac.  ctt 

*  HeaK    Ana  Cbem  (JUebig),  a  05,  196 
i"  HCHK    /^tf  ,  176.  a» 


C1      7<       /~\      TT      •NJ   > 

Water. .' ...?..".  '. .  •  •  •  c  —  i  54  to  i .62  ( calculated  as  alkaloid) , 

[ojij  —  _  104  6°  (anhydrous) ;  alkaloid,  [<*]#  =  —  129.2° 
Absolute  alcohol r  =  r  54  to  1.62  (calculated  as  alkaloid), 

[a]g  —  —    gg  g°  (anhydrous) ,  alkaloid,  [>]#  =  —  123  5 
Alcohol  (89  wt  p.  c.)  -    c=  1.54  to  i  62  (calculated .as  alkaloid), 

[or]g  =  —  119.6°  (anhydrous)  ,  alkaloid,  [>]#  =  —  147  7 
Alcohol  (So  wt  p.  c  }  • .  c  —  1-54  to'r.62  (calculated  as  alkaloid), 

[a]g  _  _  I28  7°  (anhydrous)  ,  alkaloid,  [apj  =  —  159  o 

Neutral  Sulphate,  (C18H82N2O)2H2SO4  +  6H2O.     Glistening 

prisms. 

Water    ....      c  =  i  06,     [or]g  =  —  106  77  ,  alkaloid,  [a]JJ  =  —  142  31° 

Salt  with  3  MoL  Water. 

Alcohol  (So  vol  p  c) c—2,     [a]g  =  —  144  5°  2 

Absolute  alcohol c  —  i  54  to  1.62  (calculated  as  alkaloid) , 

[«]g  =  —  118  7°  (anhydrous)' ;  alkaloid,  [a]g  —  —  157  5' 
Alcohol  (89  wt.  p  c  )  •  •  c  —  i  54  to  i  62  (calculated  as  alkaloid), 

[a]i7  —  _  128  7°  (anhydrous)  ,  alkaloid,  [oQg  =  —  171  8 
Alcohol  (80  wt  p  c  ) . .  c  =  r  54  to  I  62  (calculated  as  alkaloid), 

[or]g  =  —  131  2°  (anhydrous)  ,  alkaloid,  [«r]$  =  —  175  i°  J 

Acid  Sulphate,   C19HWN2O  H,SO4  +  sH2O      Large   prisms 

Water r  =  a,     [or]g  =  —  no  5°  , 

alkaloid,  [«]g  =  —  177  95 

Alcohol   (So  vol  p  c  )  •   •  -     *  =  2,     [a]«  =  —  109  o° 
Chloroform-alcohol  mixture  r  =  2,         "   =  —  101  o 

Disulphate,  C19H,,N2O  2H2SO,  -f  2H.,O      Small  prisms 
Water,  c=  i  to  7,     [or]~g  =  —  105  96  -f  i  0267  c  —  o  03376  r1  +  o  00104  «*| * 
Alkaloid,  "   =  —  185  77  +  3  1557^—0  I8I58^H- 000981^) 


Nitrate,  C19H,2N2O  HNO,  +  H2O      Large  prisms 

Water  c-=  i  54  to  i  62  { calculated  as  alkaloid), 

[or]rj  =  —    99.9°  (anhydrous)  ,  alkaloid,  [a\%  =  —  126  3° 

Absolute  alcohol c—  \  54  to  i  62  (calculated  as  alkaloid), 

[or]$  =  —  103  2°  (anhydrous)  ,  alkaloid,  [tt]jj  =  —  130  4C 
Alcohol  (89  wt  p  c  ) . . .  c—  1.54  to  i  62  (calculated  as  alkaloid), 

[ff] £  =  —  119.0°  ^anhydrous) ,  alkaloid,  [<*]#  =  —  150  4e 
Alcohol  (80  wt  p  c.)  •  •     <?=  1-54  to  i  62  (calculated  as  alkaloid), 

[<*]$  =  —  127  o°  (anhydrous)  ,  alkaloid,  [«]g  =  —  160  4= 
i  Oudemans    Ann  Chetn.  (lyiebig),  182,  46 
"  Hesse    /*zrf ,  176,  221 
s  Hesse  •  nnd ,  176,  222 
*  Hesse    -£0c  «/ 
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Oxalate,  (CwHa2N,p),C,H,O,  -f  2H2O.     Prisms 

Chloroform-alcohol  mixture,  c  =  I  to  3,     [or]  $  =  —  98  7°  * 

Oudemans'5  has  made  observations  on  the  changes  wh 
take  place  in  the  specific  rotation  of  quinine,  quimdine,  c 
chonine  and  cinchomdine  in  presence  of  variable  amounts 
HC1,  HNO,,  HC1O3,  HC104,  H,SO4,  H3PO4,  HCHO,,  £ 
HjjCjO^  Also  similar  observations  on  quinamme  and  c 
quinamine.8 

Wyrouboff*  has  published  numerous  observations  on  cmcb 
idine  salts,  which,  on  crystallizing  from  different  solvents,  cc 
bine  with  varying  amounts  of  the  latter. 

Acetyltinchonidtne,  C^H^CjHjOJNsO.  Brittle  mass  ;  m< 
ing-point,  42°. 

Alcohol  { 97  vol  p   c.) £  =  2,     [or]g  =  —  38.4°  %  5 

i  mol.  HC1  -f  -water c  —  z,       "     =  —  666    L 

3    "        "    +      "      c  =  z,       "      =  —  813  J 

Cmchonidme  Sulpkonic  Add,  CJ9H21N2O.HSOS  -f  H2 
Needles  ;  melting-point,  225°. 

3  mol.  HC1  —  water c  =  2  (anhydrous),     [a]g  =  — 140°  6 

/S-CiNCHONiDiNE,  CjgH^NjO.  Crystals ,  melting-pou 
206°  to  207°. 

3  mol  HC1  -f  water c=  i  25,     [or]«  =  — 181.4°  7 

Melting-point,  244°. 

Alcohol  (d  —  07944) ^=05,     [a]=°=  — 171.5°  8 

K-CiNCHONiDixE,  C^H^Xp.  Crystals,  melting-point,  238 
Alcohol  (d— 0.7944) c—  05,     [aj»=  — 164.6°  9 

APOCINCHONIDINE,  C^H^N.O  Thin  plates ,  melting-poir 
225°  (turns  brown). 

Alcohol  ^97  vol.  p  c  )    c  =  o  8,     [ff]g=  — 129  2°  -, 

3  mol  HC1  —  water...  r=2  "    = — 160 4(from cinchomdine)  | 

3  ~      "    ••    f=2>          "    =  — 160  2  (from  homo  cm- 1 

chomdine)         J 
1  Hesse    Ann  Chem  (Z,iebig),  176,  222 

*  Ibid,  182,  51 

1  Rec  trav  chim  Pays-Bas.  i,  iS 

*  Ann  chim  phys    [7],  i,  5 

s  Hesse    Ann.  Chem  fLiebig),  aos.  319 

*  Hesse    Ibid  „  267, 142 

"  Hesse    Ibid ,  205, 328  (note) 

*  Xeumann    Wien  Monatsh.  Chem  ,  13,  660 
s  Xeumann 

1 '  Hesse    Ann  Chem  (kiebig),  205,  339 
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Acetylapotinchomdtne,  CWH21  (  C2H8O  )  NZO.     Crystals. 
Alcohol  (97  vol  p.  c  )  ..........  c  =  2,     [cr]g=  —  6i.8°1 

3  tnol  HC1  +  water  ............     c~z,       "    =  —  87.9 


Chlorapoanchomdtne,  C^H^dN^O.     Thin  plates  ;  melting- 
point,  200° 

3  mol.  HCl  +  water  ............  c  =  z,     [<r]jf  =  —  142.2°  a 

lyeft-rotating  in  alcohol  solution,  also. 

Acetykhlorapoanchomdtne,    CJ322(C2H8O)ClNaO.      Prisms; 
melting-point,  150°. 

3  mol.  HC1  4-  water  .............   C=2,     [or]«=  —  54  3°  ' 

HOMOCINCHONIDINB.     Skraup,4  also  Claus  and  Weller,5  con- 
sider this  alkaloid  as  identical  with  cinchonidine,  C1BHMN.,O. 
Melting-point,  205°  to  206° 

Alcohol  (97  vol  p.  c  )  ........     tf=  2,     [ttjjj  =  —  109.3°  6 

"  "  ........  £=2,        "    =  —  10731  7 

Chloroform  ...........     r=  4i        "    =  —   70  o  I- 

3  mol  HC1  +  water  ..........  c—  5,        "    —  —  167.9  J 


Hydrochlonde,  CUH22N2O.HC1  -f  H2O.     Rhombic  octahedra. 

2  mol  HC1  + water      r=io,     [or]=°  =  —  139  o°  8 

Sulphate,  (CiaHa2N,0)s.H2SO4  -f-  6H2O      Prisms 
Two  grams  of  the  anhydrous  salt  are  dissolved  in  20  cc  of 
normal  hydrochloric  acid  and  diluted  to  25  cc.  with  water. 
c  =  8  (anhydrous) ,     [a] g  =  —  137  96°  a 

Acetylhomoanchonidine,    C19H21(C2H80)NaO.     Brittle  mass ; 
melting-point,  42°. 

Alcohol  (97  vol  p  c.) c  =  2,     [<*]$  =  —  34  o°  \  ffl 

I  mol  HC1  -f-  water c=2,       "     =  —  61  I    >• 

3  "        "    +      "      c~2,       "     =  —  72.5   J 

ACID,  C8H13NO4  +  H2O.     Crystals  ,  melt- 


1  Hesse    Loc  at ,  p  338 

-  Hesse    Loc  cit ,  p  346 

*  Hesse    Loc  ctt  ,p  353 

4  Ber  d.  diem  Ges  ,  13,  Ref.  933 

«  /5aJ,  14,1921 

o  Hesse     Jbid  ,  10,  2156 

t  Hesse    Ann  Chem   (lAebig),  205,  203 

8  Hesse    Ber  d  chem  Ges.,  14, 1891 

9  Hesse    Ann  Chem  (I«iebig),  305,  320 
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ing-point,  126°  to  127°  (hydrated) ;  225°  to  226° T  (anhydrot 

221°  to  222°  *  (anhydrous). 
Made  by  oxidation  of  . 

Cinchoiiine    Water,  t=4,  [«]g=  +  30.00° 

Chitenine "  ^=4.  "    =  +  30.25 

Cinchomdine "  e=4>  "    =  +  3°  17* 

Quinidine "  tf  =  4.  "    =             6 


Hydrochloride,    CgHigNO^HCl      Triclmic  prisms  ;  melti 
point,  193°  to  194°. 

Made  from . 

Cmchonine         •     Water,  c=4,  t  =  2o°,  [a]p  =  +  37  75°VJ 

Chitemne.     .   .           "       c—4,  t  —  z$  "   =  +  340    J 

Cmchomdme    .-         "       c—4,  t  —  zo  "   =  +  40  2  * 

Qumidine "       <"=4»  i  =  zo  "    =4-396° 

Cmcbomcine    ..         "       c—4,  f—zo  "    —  +  35  61 T 

Qmmcine "       c~4,  t  —  zo  "    =  +  356^ 

ARICINE,  C2,HWN20^      Crystals  ;  melting-point,  188°. 

Ether  (d  =072)   c  —  i  to  2.5,     [a]g=  —  94.7° )8 

Alcohol  (97  vol.  p.  c.)  ...  r=n,  "    =  —  541]" 

No  rotation  in  hydrochloric  acid  solution 

CUSCONINE,    C^HjnNjjO^  +  2H.2O      Crystals,  melting- poi 

110° 

Ether  (rf=  072)    r=i,     [«]g=  — 271° 

"  "  *r=2,        "     =  —  268 

Alcohol  (97  vol.  pc) r  =  2,        "     =  —  54  3 

3mol  HC1  + water c  =  os,    "     =  —  71  8  J 

•    CONCUSCONINE,   C23H!!6N2O1  -f-  H2O.      Monoclimc  crystal 
melts  at  144°,  then  solidifies  and  melts  again  at  206°  to  20? 

Alcohol  (97  vol  p  c  ) ^=2,     [or]g=  +  36.8°  10 

c—2,        "    =-f4o.8011 

i  Skraup    Monatsh  Chem  ,  10,  46 

*  Schnlderschitsch    Wien  Monatsh  Chem  ,  10,  60 
s  Skraup 

*  Schnlderschitsch 

*  Wurstl    Wien,  Monatsh  Chem  ,  10,  70 
«  Wurstl 

i  Skraup,  Wurstl    Wien  Monatsh  Chem  ,  10,226 

«  Hesse    Ann  Chem  (Liehig),  185*  313. 

8  Hesse     Ibid ,  185,  303  ,  Ber  d.  chem  Ges  ,  16,  61 

ID  Hesse    Ber  d  chem  Ges ,  16,  61 

11  Hesse    Ann  Chem  (lyiebig),  335,  236 
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a-Concusconineynetftylsulphate,    (C28H.jeN2O4  CH8)2,SO4   (at 
120°)      Amorphous. 

Water c  —  3  764  (anhydrous) ,     [a]g  =  +  73° 

($-Concusconinemethylsulphate,     (CMH26N204.CH8)2.SO4     (at 
120°) 
A  2  per  cent,  aqueous  solution  was  optically  inactive.1 

QUINAMINE,  CUHMN,O,.     I^ong prisms ;  melting-point,  172°. 

Alcohol  (96  (?)vol   p  c) £  =  08378,  [a]$  =  +  106  8°  - 

Alcohol  (97  vol  p  c) £  =  2,  [ff]g  =  +  104  5C 

I  mol.  HC1  +  water £=2,  "  =  +  116,0 

3    "       "     +      "    £=2,  "   =  +  1172 

Chloroform £=2,  [a]g  =  +    93.50°* 

Absolute  alcohol c  =  0.502,  [<*]  $  =  +  104  6°  -  8 

"            "       £=1.016,  "  =+1039 

"           <(          £=1.494,  "  =  +  102.8 

ff=  1.774,  "  =  +  100.7 

Alcohol  (gowtp  c) £=1648,  "  =+1015 

Absolute  ether £=0458,  "  =+1214 

"            "    £=1024,  "  =+1199 

Chloroform £  =  0.722,  "  =+    949 

"         £=1512,  "  =+    940 

£  =  2.235,  "  =  +    933 

Benzene   £  =  0056,  "  =+    993 

"      £=1.489,  "  =+1009 

The  influence  of  acids  (HC1,    HNO8>  HC1O3,  HC2HSO,, 

HCHOS1   HaSO4,  HZC2041  H,PO4)  on  the  specific  rotation  is 
discussed  in  these  papers. 

Hydrochloride,  C18HWN2O2.HC1  +  H2O.     Prisms. 

Alcohol  (97  vol.  p  c.) £  =  2,    O]J?  =  +  118  i0-. '' 

Water £=2,         "  =  +  100  o  } 

Hyctrobromide,  Ci9H84NaO2.  HBr  -+  H2O.     Prisms. 
Water <r  =  4i     [a]g  =  +  88  .2°  ° 

Hydroiodide,  C19HMN2Oa.  HI      Crystals. 

Absolute  alcohol c  —  i  068,     [«]*«  =  +  92.5°  \  7 

11      £=1644,          "  =  +  944    [ 

"      ...     .  £  =  2310,          "   =  +  958   J 

1  Hesse    Ann  Chem  (I,iebig),  225,  241 

8  Hesse    Ibid  ,  i6<5,  372. 

•s  Hesse    Ibid ,  307,  307 

*  Hesse    Ibid ,  199,  337 

&  Oudemans,  Ibid,  197,54,  Rec  trav  chim  Pays-Bas,  1,221024 

0  Hesse    Loc  at 

t  Oudematis    Ann  Chem.  (Xjebig),  197,  60 
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Nitrate^  C19H2iN2O2  HNO3.     Monoclinic  crystals. 

Water £  =  0997,     [«]'J=  +    968°-, 

"     £=1934,         "  =+   97-0 

Absolute  alcohol c  =  o  9945,       ".=  -{-  109.2 

"      c=  2.036,         "  —  +  1096   J 

Perchlorate,  C19H24NaO2  HC1O4.     Anhydrous  crystals. 

Absolute  alcohol c  —  o  709,      [<*]  j|  =  +   99.3°  •> a 

^  =  21335,         "  ==+1018   ; 

QTJINAMIDINE,    C19H24N2O2      Wart-like  bunches ;  meltm 
point,  93°  (notcorr.). 

Alcohol   (97  vol  p  c.) £=2,     [or]g  =  -(-  4  5°  » 

ffydrochlonde,  C19H2,iN2O2.HCl  +  H2O.     Prisms. 
Inactive  in  2  per  cent,  aqueous  solution.* 

QUINAMICINE,   CwH24N2Oj      Crystals  ;  melting-point,  ioc 
(uncorr.) 

Alcohol  (97  vol.  p.  c  ) r  =  2,     [cc]g  =  -f-  38.1°  \* 

3  mol.  HC1  +  water c=2,         "  =4-470  / 

APOQUINAMINE,  C19H2!IN2O(at  100°)  Crystals ,  meltmj 
point,  114°  (uncorr  ). 

Inactive  m  2  per  cent,  alcoholic  solution. 

i.i  mol  HC1  +  water c=2,     [a]j§  =  —  284° 

3        "        "    +     "     c=2,         "  =-291 

10  "  "     +        "       C=2,  "    =  —  30.0 

Acetylapoquinamine^  Ci9H21(C2HsO)N2O  (at  100°).  Amoa 
phous. 

Alcohol  (97  vol  p  c.) c=2,     [a]$  =       o°   •»  * 

10  mol.  HC1  +  water c—  2,          "   =  —  312} 

HYDROCINCHONIDINS,  Cj9H24N2O,  according  to  Forst  an< 
Boehringer,5  is  identical  with  Hesse's  ciuchamidine.  Crystals 
melting-point,  229°  f  230°. T 

Alcohol  (97  vol  p.  c  ) c  =  2,     [orjg  =  —  98.4°  8 

1  Oudemans    Loc  at ,  p  58 

2  Oudemans    Loc  ctt ,  p  59 

>  Hesse    Ann  Chem  (lyiebig),  207,  307 

*  Hesse    Loc  ctt 

*  Ber.  d  chem.  Ges  ,  15,  520 
8  Forst,  Boehringer 

1  Hesse 

«  Hesse    Ber  d  chem  Ges  ,  14, 1683 
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The  specific  rotation  is  greater  in  acid  solution. 
On  fusing  the  acid  sulphate,  an  amorphous  modification  of 
hydrociiiclioniclinc  is  formed,  which  melts  below  100°. 
3  mol.  IICl   |  water <•--  2,    [or]j5  -  --12°' 

Hydrochloride,  CUHMN,O.HC1  +  2H,O.     Prisms, 

Water (      2,    [a]}?  .- -     80.4° 

"     <       5,         "     --    66.0 

"     <~--S,         "        -   604 

2  niol.  HC1  +  water c  -  = :  5,         "        —109.4 

Alcohol  (97  vol.  p.  c.) t      5,         "  =--—    73,4 

Neutral  Sulphate,    (C11,H84NaO)a.HaSOl  -|-  7HaO.     Needles. 

Water c      2,    [ft-]'?  -r  ~    75.2 

Alcohol  (97  vol.  p.  o.)..  r      2,         "  =;  --93.8 

/4«-flT  Sulphate,  C10HMN,O.H,S04  +  4HaO.     Prisms. 
Water '--4,     [«]}J       ~  92.7°  !l 

Acetylhydiodnchomdine,     CI8HJBNJO.CIH8O.       Amorphous  ; 
melting-point,  ^2°. 

Alcohol  (97  vol  p  c.) <       2,    [a-] 5,      --2950')11 

3  mol.  HCl   |-  water (       2,     [tt]^  =•-  —  50  9    j 

CONQUINAMINK,    C.^I^N.O...  Tridiuic  crystals;   melting- 
point,  123°  (corr. ). 

Alcohol  (97  vol.  p  c) /       2,    [a-]^       -|   204.6°  ">  ' 

Chloroform t       2,         "         |    184.5 

r  mol.  IICl  |   watei     i       2,         "   -    |   229  i 

3    "       "I      "     ••••-...  c      2,         "    -    -|   2300 

3    "       "     I-     "     t       4,         "        -1-2300 

Absolute  alcohol (       0.8025,     O]yJ        !   205. i °     » 

"  C        0.8195,  '  -  204  2 

'          1-531.  '  -  203.5 

"  "          l          2.7115,  '  2026 

<  --3-J54,            '      -       203.0 

t  4.018,            '              20.1  i 

"       t  -4-986,            '              203.5 

Alcohol  (91  wt,  p.  c.) t-  17595,         '              2043 

"      (Sowtp.c.) c  r.8i3,           '           -2055 

Absolute  ether (  -  0.7655,         '             192.7 

"    i  1.1515,         '         -    190.6 

"    t  1.522,           "         |    188.1 

i  Hesse .  Ann  Ghent.  (Uebig),  914,  i. 

9  Hesse :  £oe.  a^ 

J  Hesse, 

*  Hesse-  Ann  Chem.  (MeWg),  aop,  6H. 

«  Oucleiuans  .  /*«/,  aoj>,  46 ;  Rec.  tiav.  chini.  PftyH-Hns,  i,  23  to  25. 
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Absolute  ethei c=  16155,    [a' 


Chloroform £  =  0.7945, 

c  =1.53*1 

£  =  3-050, 

Benzene £  =  08955, 

1 1  ., T  r  ,n 

£  =  I  540, 

"    £  =  2  1285, 

"   c  —  3.028, 


c  =  3  052, 

c  =  3-0585, 

=  +  190.3 
=  +  176.1 
=  +  173  8 
=  +  171.2 
=  +  180  i 
=  +  179  I 
=  +  178  6 
=  +  178.2 
=  +  178  o 


..=  +  1890° 
=  +  190.7 


"        £  =  3477, 

The  influence  of  different  acids  on  the  specific  rotation  < 
conqumamine  is  discussed  in  the  same  papers 

Hydrochloride,  C19HMNaOrHCl.     Octahedral  crystals. 

Water c  =  4,     [or]g  =  +  205.3°-)  * 

Alcohol   (97  vol  p  c).     .  £  =  4,         "   =  +  2064  j 

Hydrobromide,  CiaHwN2O2  HBr.     Monoclinic  crystals. 
Absol.  alcohol,  c  —  i  162,      [<*]$  =  + 182.7°;  alkaloid,  [a]^  =  +  230  c 
"  "       ^=19935,          "  =  +  181.0,          "  "=  +  228] 

Hydrozodzde,  CwH24NaOa.HI.     Crystals. 

Absol.  alcohol,  c  =  i.oii,       [oOjj  =  +  ^2  8°,  alkaloid,  [or]^=:  +  229  (. 
"        ^=2213,  "   =  +  1622,  "          •"  =+2295 

Nitrate,  C19H24N2O2.HNO,.     Rhombic  crystals. 
Absol  alcohol,  c  —  1.2685,     [<*]$  =  + 190  o°,  alkaloid,  [or]^  =  +  228  6 

Chlorate,  C19Ha4N2O2.HClOg.     Monoclinic  needles. 
Absol  alcohol,  c  =  o  915,       [or]£  •=  +  184  o° ,  alkaloid,  [or]^  =  +  234  o 

Perchlorate,  ClgH24N2O2.HClO4.     Monoclinic  needles. 
Absol  alcohol,  c  =  o  710,       [#]$  =  +  175  4°;  alkaloid,  [a]^  ==+  231.8 
"       ^=1.4755,          "   =  +  175-0,          "  "  =  +  2314 

Formate,  C,9H21N2O2.CH202     Monoclinic  crystals. 
Absol  alcohol,  c  =  0.884,       [#]^  =  +  195  8°;  alkaloid,  [cc]^  =  -f-  224  7 
(<       ^=1785,  "=+i93.o,  "  "=  +  2226 

Acetate,  C19HWN2O2.C2H4O2      Tetragonal  crystals. 
Absol.  alcohol,  c  —  o  921,      [or]£  =-j-  181  o°,  alkaloid,  Ca]xj=  f  215.8' 
"       £=0.8395,         "=+179.0,  "  "=  +  2135 

1  Oudemans    Ann  Chem  (I,iebig),  209,  46 ,  Rec  trav  chim   Pays-Bas,  i,  231025 

2  Hesse    Ann  Chem  (I^iebig),  309,  68 
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*    Cll(HMNA.OaHA  +  3H.O.      Rhombic  crystals; 
melting-point,  about  115°. 

Alwol.  alcohol,  <       1.0315,    I/Ofl      +  163,0°;  alkaloid,  IXISS      I  2°°-6° 
"       <       1.525,          "     --  1-162.6;          "  "    "  \  200.6 

HYDROJJUININK,   C.H.N.O,  +  2H.O.     Crystals  ;  melting- 

point,  172.3°  (corr,)- 

Chloroform-alcohol  mixtme....  e    -2.49,     [<*]#•      -160.25 

Melting-point,  168°. 

Alcohol  (95  vol.  p.  e  )  ........  e    -24,    [«]  ff      -  142.2° 

In  100  cc.,  40  cc.  of  normal  HC1  : 

»    2.4,  c«3y;  -  ~227.ioa 

,  (CauH!H1N!iOa)aHaSO,  +  6  or  8H8O.    Color- 


less needles. 


4  mol.  1101   I   watei  ..........  f      4  (anhydrous)  ,     [a]  ^    -  -  222.5 

..     |       ••    .........  f      4  "    --  -i93.4cl* 

4  alkaloid,         "   -     -  255.9°  j 

Acctyl     Hydroquinine,     C»H»N1O1(C,H,O).      Varnish-like 
mass  ;  melting-point,  about  40°. 

3mol.  IICl  I  WHtei  ........      '=3,     C«]J5    -  "  73  9°  r> 

HYDROQUINICINIC,  CJi^NA.     Yellowish  vamish 
3  mol   IICl  I  water  ............  c  -  3,    M/?  I70(> 

DICINCIIONINK,  CwHaN.O  7  Amorphous  ;  melting-point,  40°. 
Alcohol  (97  vol.  p.  c.)  .......  r  -   i.S'6,     [«]}!  ---    I   9»  7° 

3  mol.  Ha  I  watei  ........     tf   -  i,  "         I   8o  4° 

Hydrochloridc,  C,,,HMNaO  HC1.     Prisms 

Water  ............    <  ~-  5,     C«P,1---   I   58-7°  M 

PARICINK,  C1(IH1HNaO  +  iV,H,O      Yellow  powder  ;  melting- 
point,  130°.     The  alcoholic  solution  is  inactive.1' 

GarasoSPSMHNK,  C1UHMN,08  -I-  H,O.     Small  prisms  ,  melt- 
mg-poiut,  1  60°,  with  decomposition. 
Alcohol  (97voi.  p.  c.)  ........  i       1.3  (anhytUouh),  [«]}1--      93-4°  w 

i  i,tu9  :  Ztuclu  .  ftiuil.  Chem.,  27,  s6« 
a  Hesse  :  Ami.  Chew.  (Meblff),  341,  iw 
«  Hesse  :  Kei.  d.  chem.  Oft  ,  15.  Hs6. 
*  Hesse.  Ann  Chem.  (Uehig),  »4<>  2rt2> 
t»  Hesae  .  /.or.  c//.,  p.  27«. 
«  Hesse  •  Lw.  <•//.,  p.  274 
i  Hesse:  Ann.  Chem  (lyleblg),  376,  119. 
»  Hesse  :  /*/W.,  a»7,  IS3- 
«  Ileste  •  /Met.,  166,  963. 
w  Hesse  ,  Her.  cl.  chem.  OCH  ,  «o(  aiC>4. 
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CINCHONAMINE,    ClaH24N2O      Glistening  needles  ;  melting 
point,  184°  to  185°. 

Alcohol  (97  vol  p.  c  )  .........  c~2t     [a]«  =  -f  121  i°  x 

According  to  Arnaud,2  [«]/>  =  +  117.9°  in  alcoholic  splu 
tion  (93  percent.).     Melting-point,  195°. 

Neutral  Sulphate,  (C19HMN2O)2.H2SO4.     Prisms. 


Water 


1  mol.  H2SO4  +  water. . .  c  =  2, 

2  "        "     +      "    -.    c  —  2, 
i      "        "     +     "      ••  £  =  3, 


=  +  36. 7°  V1 
=  +  39-8 
=  +396 
=  +  35  7  * 
=  +  43-5  5 


Acid  Sulphate,  C19H84NaO  H2SO4.     Prisms. 

Water  ..........      <r  =  2,     [«]g  =  -f  34.9°l§ 

"    ..........     tf=6,          "   =  +  374  ) 

CHAIRAMINE,  CajH^NjOi  +  H2O.     Crystals  ;  melting-point, 

233°. 

[_a]0  =  about  +  too0  7 

CONCHAIRAMINE,  Ca2H26N2O4  +  H2O  +  C2H6O  (from  alco- 
hol) Prisms;  melting-point,  82°  to  86°  ;  120°  (anhydrous). 
Alcohol  (97  vol  p.  c  ),  c  —  2,  (alcohol  and  water-free),  [«]«  =  +  68  4°  8 

CHAIRAMIDINE,  C22H26N2O4  +  H2O.  Amorphous  ,  melting- 
point,  126°  to  128°. 

Alcohol  (97  vol.  p  c.)  .........     c  =  3  (anhydrous),     [tf]g  —  -j-  7.3°  • 

CONCHAIRAMIDINE,  C22H26N2O4  -f  H2O.     Crystals  ;  melting- 
point,  114°  to  115° 
Alcohol  (97  vol  p  c  )  ..........  c  =  3  (anhydrous),     [<*]$  =  —  60°  10 

Alkaloids  of  Coca  Leaves 

^-BcGONiNE,  C0H15NOS.     Crystals  ;  melting-point,  254°. 
The  constitutional  formula  of  Bmhorn  and  Tahara"  contains 

1  Hesse    Ann  Chem  (I/iebig),  aag,  220 

2  Compt  rend  ,  93,  593 

3  Hesse    Loc  at  ,  p.  224 

*  Hesse    Ber  d  chem  Ges  ,  16,  62 
^  5.,Acnaud.,  Cpmpt  rend  ,  97,  174 


*  Hesse  ?<  j*tS^ 

8  Hesse  Zoc  eft',  p  2/^8 

9  Hesse  ioc  cii  ,  p  354 
">  Hesse  Loc  at  ,  p  256 

es,  36,32^  'V 
i  >, 


-y 


*; 
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three  asymmetric  carbon  atoms   (compare  Einhorn1),  while 
that  of  Merling*  has  four  vsuch  atoms. 

IfytbafhloridCi  CUH,5NO,,.HC1.  Monoclinic  hemimorphous 
crystals. 

Water p  -  4.4.    [«&>  -  -h  18-2°  • 

t1f ethyl  tester,  CJ-IjtNOg.CHj,.  Prismatic  crystals  ;  melting- 
point,  115°. 

Dilute  alcohol p  ~=  6.22,    [«]%  -  -  -(  23.5° ) 4 

"      />      6.25,         "    --  -(-22.4  j 

/$twahvyl-d-Eq*onine  Methyl    Ester  Hydrochloride,   C9H8O 
CyinN(),,.CH,.HCl.    Thin  leaves ;  melting-point,  192°. 
Alcohol c-    2.01,    [«]'/,      -M5408 

Cinnamyl-d-Etgonine   Methyl  Ester  Hydrochloride>    C8H7O 
e,H,,NO,.CH,.HCl.    Needles  ;  melting- point,  186°  to  188°. 
Alcohol t,      2.11,    [«]';,-+  47-4°  6 

Derivatives  of  Bcnsoyl-d-Rcg  onine 

Methyl  tester  (rf-Cocainc).  Constitution  •  Einhorn,7  two 
asymmetric  C  atoms;  Kinhorn,  Tahara,8  three  asymmetric 
C  atoms,  CftH7N.CH!1.CHs.CHO(CO.CBHB)CHrCOOCH8. 

IfydwMoride,  CnH,iNO,HCl.  Mouocliuic  plates  ;  meltiug- 
jwint,  205°. 

Alcohol  (of j"      0.9353) c    -  i-9i     t^]/]-    ~\  3947°" 

Kthyl  tester  Hydrochloride%  C1HH29NOr  HC1  +  H3O.  Plates , 
meltiiiK-pomt,  215°. 

Wttlei c    =a,       [«];,--  +40° 

Propyl Ester Hydrochloride,  C^H^NO^HQ  -|-  HaO.  Prisms ; 
melting-point,  220°. 

Water /  -  -  2.6,    [«];,  ---  -|  46.2" 

»  Ber.  tl,  chein.  Oes.,  »a,  149*) 

0  IbitLi  34,  3116. 

»  tinhorn,  Mnrqiiattlt,  Koch  •  lbtd,t  931  4& 
<  Jylehcnutinn,  Gic«el :  f/iid.,  33,  926 
ft  IJeckerH,  KiiHiorn  :  IM.t  »4>  7- 
»  Deckers,  Ktnhoru. 

1  Ber.  d.  chein.  GCH.,  ai,  3039. 
«  /A/ A.  a6,  334 

,  Mniqunrdt :  JhitL>  »s,  468, 


7OO  CONSTANTS  OF  ROTATION  OK  ACTIVK  HODIliS 


Butyl  Ester  Hydrochkrtde,  C,t,H,7N()rHCl  |  HS0.  Kim- 
matted  needles;  melting-point,  201°. 

Water  .............  <•      2.5,     [(»!;,        |   46° 

Amyl  Ester  Hydrochloridc,  C,llHJ1|NOt.HCl.  Kind  nmtlvtl 
needles  ;  melting-point,  217°. 

Water  ...........  <•      2.2,     [n];,        j  38.6°  ' 

/-ECGONINK  HYDROCIIM>RII>K,  CBHI5N()B,I1C1.  Tricluiic 
plates;  melting-point,  246°. 

Water  ...........   [«]/>  57°  •' 

Cinnamyl-l-ftgonine  Methyl  Ester,  CllHv().CllH,,lN(),l.CIIa. 
Crystals;  melting-point,  121°. 

Chloroform  ........  <       10,     [a]  yj  4.70  '< 

Hydrochloridc,  CI1IH,J!,NO,.HC1  •+  2HaO.  Crystals  ;  nidting 
point,  176°. 

Water  ..........  r      66  (nuhydroua),    [cr]'^  104.1°* 

Bemoyl-l-ccgoninc  Methyl  Ester  (/-Cocaine  ordinary 
cocaine),  Cr)H7N.CH!1.CHO(CO.C(1Hs)CHJ.CO()CH!,  Mono- 
clinic  prisms  ;  melting-point,  yS°. 

Chlotoform  ..  ..  p    .  xotoao,     [«]*  ..    -16.412  |   u.(K»58s/>, 
from  the  following  observations  : 


f 

4  • 

..l" 

•]?;. 

Pound 

Cnlculnlucl 

9.925 

1.4480 

-  16.356 

-  '6-354 

25.484 

I-397I 

16.280 

r6.  263 

IS«643 

1.4293 

-  -16.319 

-  16.320 

rS-793 

1,4190 

16.299 

-  16.302 

20.242 

T.4I26 

-  16.283 

-16.293 

The  specific  rotation  is,  therefore,  almost  constant. 
Hydrochloride,    C17HaiNO4.HCl.      Crystals;   melting-point, 
181.5°.°    Five  preparations  from  different  factories,  when  dis- 


,  Marquault  :  Met.  d.  chem.  (ies.,  a3,  986-988 
a  Einhom  \  /*/«?.,  aa,  1495, 
»  Hease  :  Ann.  Chem.  (I,leblg),  a7i,  185. 
4  Hesse  .  Loe,  at. 

•  Antrick  :  Ber.  d.  cheni   Ges.,  ao,  gat. 

•  Antriclc. 
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solved  hi  alcohol  (d?  -  0.9353  -  40  per  cent,  weight),  showed 
specific  rotations  at  t  20°,  and  for  concentrations  between 
t  5  and  25  which  may  be  expressed  by  the  following 
foi  niulu.s  : 

I'K'lurulion     I     ui.  p.  181.5°,     [«]/','  "     -  67,904  |  0.15654   c 
II         "     182.5,  "         -68.023  1-0.15898   c 

III  "      185,  "     --69.769  |-  0.174407  ^ 

IV  "     i«4,  "        —67.951-1-0-15458   c 
V        "     181.5  "    ^--68.052-1-0.163       c 

from  which,  in  the  mean, 

hi;;       67'982  I  «•  15827  <•  l 

(  )n  the  polarinietrie  determination  of  cocaine,  see  $  186,  p.  501  . 

Isatrofcvl  ('wain?,  CltlH,.,NQ,  (at  45°).     Amorphous. 
Alcohol  ............  (    --4,     [«]/?   ~  —  29-302 

ANHYDKOI-XXJONINK  is  formed  from  d-  as  well  as   from 


J/Vtin>tMt>ndt\  Lyij.NOj.HCl  H-  H,0.     Rhombic  hemiinor- 
phous  crystals  ;  mulling-  point,  240°  to  241° 

Walet  .............  L<r]"       -61.5°  ' 

Moltinj4-poinl,  238°  to  240° 

WtiU-i.f       3  (anhydrous)..  [«]/';         -  6a  7°  ' 

AICcdciNiNic   ACID,  ,C,IIUNOSI       From   d-  and  Aecgomnc 
Ciystals  ;  incltin^-poinl,  1  17°. 

Water  .........  t       12.37,     [«!/",  43«2°  fl 

rf-TROPiNic  ACID,    C(1HnN(COOII),      Crystals  ,   melting- 
point,  2^7°  to  248°. 

Water  ..........  />       rt.76,    d-     1036,     [«]/.   -   I    U  -s°  " 

Alkaloids  of  Opium 

MOKPHINK,   CI7H17(OH).,NO  +  H,O     Small  rhombic  col- 
umns. 

»  Antilck:  Bci.  <i.  eliem  Ocs.,  ao,  ,<io 
2  I«i«l>erntaun  :  ff>itl.,  »i,  ^Vt*'. 
J  Htuhoin  ;  //>/</.,  aa,  1495. 
*  Hesse  •  Ann.  Cheni.  (lyleWg),  371,  iHo 
«  I«i«b«ruiaim  :  Her.  d.  chetn.  <3eh.,  34,  613. 
,  p.  6n 
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I  mol.  alkaloid  +  i  mol  Na2O c=2,  [a"j^s  =  —  67.5°  •> 1 

i     "           "       +5    "        "    ^=2,  "    =  —  702    i 

i     "           "       +  2    "        "    r=5,  "    =  —  71.0  J 

Absolute  alcohol c— lootoiSo,  [ar]a°  = —  140  5°  2 

Hydrochloride,  CnH]()NO3  HC1  +  3H2O.     Crystals. 

Water r=ito4,     [a]g  =  —  100  67  -j-  i  14  c\  s 

10 mol  HC1  +  water c—z,  "  =  —   94  3°  j" 

Sulphate,  (CUH1,)NO8)2H,SO1  +  5HaO.     Crystals. 

Water £  =  ito4,     [«]«  =  —  10047  +  096^" 

Acetate,  C17H19NO8  CaHA  +•  sH2O.     Crystals 

Absolute  alcohol c=i  a,       [a:]/)  =  —  100.4°  ^  4 

Alcohol  (d  =  o  865) c  =  o  97,         "     =  —    98  9 

Water ^=25,  "     =-—77 

"     ^  =  0996,       "     =—72 

The  effect  of  acids  (HC1,  HNOBI  HCHO2)  HC2H3O,,  H2SO,, 
H2C2OP  H3PO4,  HgAsOp  C0H8O7)  on  the  rotation  of  morphine 
has  been  investigated  by  Tykqciner  5 

^CODEINE  (Morphine  methyl  ether),  C17H17(OCH8)(OH)NO 
+  H2O      Rhombic  crystals  ;  melting-point,  155°  ,B  153°  7 

Alcohol  (97  vol.   p.  c  )  c  =  2  to  8,     [o:]g  =  _  135  8°  •)  8 
(80    "      "    )  £  =  2,  "  =—1378 

Chloroform c=2,  "  =  —  111.5 

Absolute  alcohol c  =  2.32  (anhydrous),  [a]^  =  —  134  3°) 2 

"  "      r=297  "  "  =  —  1411 

Alcohol £=4.1,     [a]zj  —  —  130  34°)  8 

Commercial  codeine,  alcohol,  ^  =  41  "  =  —  133  18°  J 

Hydrochloride,  CJ8H21NO3  HC1  +  2HaO      Short  needles. 

Water c  =  2,     [a]gs  =  —  108  2°  "• "' 

10  mol    HC1  +  water c=2,  "  =  —  1052 

Alcohol   (So  vol.  p.  c.) c  =  z,  "  = — 108 

i  Hesse    Ann  Chem,  (t,iebig),  176,  190 

-  Tjrtraciuer    Rec  trav  chim  Pays-Bas,  i,  147 
8  Hesse    Loc.  cu 

*  Oudemans    Ann  Chein  (I/tetng),  166,  77 
<>  Loc  cit 

o  Hesse    Ann  Chem  (Dicing),  aaa,  aio 
t  Gnrnaux ,  Compt  rend  ,  92,  1228 

8  Hesse'.  Ann  Chem  (I^ebig),  176,  191 

9  Grimaux    Loc  cit. 
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Sulphate,  (CISHJJNOJS.HSS01  -}-  sHaO.     Rhombic  prisms. 

\Vuler e-    3,     [«]g      --lor.a0)' 

"' f      3,     [O#       -100.9   J 

Thv  influence  of  acids  on  the  specific  rotation  of  codeine  has 
1»mi  investigated  by  Tykociuer;*  in  the  neutral  salts,  [«]g  = 
about  134°  (compare  morphine). 

AMhvltoJehtf  Sulphate,  (C,7Hli,(CH!t)NOrCH!,).JSOtH-  4H.O. 
Rhombic  crystals. 

Water t      5  (hyd  rated),    Op/j  ~~    -  130.1°  * 

MrthModehie  (Morphine  dimethyl  ester),  CuHn(OCH,,)a. 
NO.  Crystals ;  melting-point,  118.5°. 

Alcohol  (97  vol.  p.  c.) c      4,     [<tr]j*       —  208  6°  * 

w-Metlwcodfint'  (^-Methylmorphimethine) .  Melting-point, 
IIH.54'. 

KllU'1    C        3.13,        [«]J?          --   212° 

Mrthioiihfr,     Melting-point,  2^5° 

Alcohol  t       1.4,        [cr]J?  _-  —  94.56° 

Attiyl  /)t'>i;'<i/ii't\     Melting-point,  66°. 

Alcohol    t       2.698,     [a-]/j    -.  —  96.3° 

A  t  ffy/  Mfth  iodide.     Melting-point,  207°. 

Alcohol e    -0586,     [or]/,        -73.87° 

ft-Methvlmwphimethine  (does  not  crystallize). 

ICthci /       3.746,     [cr] '^    -   |   437  3° 

Methiadide.     Melting-point,  297°. 

Alcohol t  •--  I.24S,     [a]/,     -   f  227.45° 

.  /^-/j'/  Derivative  (does  not  crystalline). 

Alcohol t      0.798,    L<11/'    -   I  4i390 

Au'tyl  Methiodidc.    Amorphous. 

Alcohol c      0.59,      [frj  /,       -|   257.6°  B 

PSKITDOCOUKINW,  C^II^NO,,  -|-  H,,O.  Needles  ;  melting- 
point,  178°  to  180°. 

Alcoluil />    -1.91.    [«]/»        -91-10" 

1  JU'Hue1  loi,  tit. 

a  tMt.nl. 

a  Ht-BHe    Ann  Cliem  (I«lotaiK),  aaa,  215 

*  HCHHC  :  /,«  < »/.,  p.  2iH. 

»  Kuoir.  Her.  cl.  chew.  Oes.,  97,  n<u 

*  Merck .  Arch,  rhiuiu  ,  aap,  161. 


THEBAINU,    C17H16NO(OCH8)2       Crystals;   melting-point, 

103° 

Alcohol  (97  vol  p  c  )......-  c  =  2,     [a]  g    =  —  218  6° 

(97    "      "   )  ......  <•  =  «,     [aft   =-215,5 

"        (97    "       "    )  .....   *=i,     [aft*  =  -2164 

Chloroform  ............  £=5,         "      =  —  2295 

Hydrochloride,  C19H21NO,,.HC1  -)-  H2O.     Rhombic  prisms 
Water  ................   c  =  2  to  4,     [a]  Jf  =  —  168  32  +  2  33  £  i 

"    .................     '  =  2,  [aft  «--  163.25  I 

10  mol.  HC1  +  water.  .  .         .  c  —  2,  "      =  —  158  6°  J 

PSWDOMORPHINE  (Oxydimorphine,  Dehydromorphine) 

Hydrochloride,  CwH^N.O,  HC1  +  H,O.' 
I  mol.  HC1  +  water  ......   r  =  o8tol6,  [«fts==—  114  76  +  4  96<?) 

SV^mol    Na2O  -f-  water  .     ..   ^  =  2,  "     =—198.9°  J 

C17HirNOs.HCl  (at  100°) 

p  =  0.951,         <f%  =r  i  0044,        [a]g  =  —  103  13°  6 


Rhombic  crystals  ,  melting-point, 

166°. 

Chloroform  .............  c  —  2,         [«]gs  =  —  13  5°\8 

2  mol  Na2O  -\-  water  ......  ^r=i,  "     =  —  114] 

Chloroform  ..............  ^=3035     [or]"  =  -f    0057° 

This  number  lies  within  the  limits  of  experimental  error, 
and  Goldschmidt,7  therefore,  considers  laudanme  inactive. 


Hydrochlonde,  CjoH^NO^HCl  +  6H2O.     Inactive  s 

LAUDANIDINE,  C1TH15N(OH)(OCH3)S    Melting-point,  177° 
[or]/,  =  —  87  8°  • 


Crystals  ;  melting-point,  89 
Alcohol  (97  vol.  p  c.  )     ----  c  =  2.79,     [a]«    =  +  103.2°  •>  I0 

"      (97    "       "    )  ......  *=a,         [«ft»=  +  ioso    I 

Chloroform  .............  r—  2,  "     =  -f-    56  o    ( 

2  mol    HC1  -f-  water  ......  c  =  2,  "     =  +  108  4   J 

i  Hesse    Ann  Chem  (I,iebig),  176,  196 

•*  Hesse    Loc  ctl  ,  p  197 

3  Hesse    Ann  Chem  (Iviebig),  335,  229 

*  Hesse    Ibid  ,176,  195 

fi  Donath    J  prakt  Chem  ,  [a],  33,  562 
6  Hesse    Ann  Chem  (I/iebig),  1761  201 

*  Wiener  Monatsh  Chem  ,  13,  693 
8  Hesse    Loc  at 

°  Hesse    Ann  Chem    (I/iebig),  a8a,  208 
in  Hesse    Ibid  ,  tj6,  202 
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PAPAVERINE,  C20HajNOr     Triclinic  prisms;  melting-point 
147°.     The  earlier  figures  of  Hesse1 

Alcohol  (97  vol.  p.  c.)  .............  e  -  a,    [«]#  --  —  4.0° 

Chloroform  ......................  c   •  2,         "    --  —  5.7 

are  wrong,  according  to  Goldschmidt  ;8  the  papaverine  formula 
contains  no  asymmetric  carbon  atoms,  in  consequence  of  which 
the  alkaloid  must  be  inactive,  as  Hesse  gives  f  or  the  hydrochlo- 
ride.  Goldschmidt  found  : 

Chloroform  ......  c  ~  17.8,    [«JJJ  ~~  +  o.  n° 

Tetrahydropapaverine)  C^H^NO*.  The  dextro  and  levo 
bases  have  been  obtained  by  Pope  and  Peachey"  by  resolution 
of  the  racemic  compound  by  dextro-  ar-bromocamphorsulphonic 

acid. 

/-Base  .........  c  ~  4.0032,     [or]/j  -    —  143.4° 

rf-Base  .........  <  =•  4.3376,     [«]      --  -I    IS3-7 

Because  of  difficulties  in  the  purification  of  the  separated 
bases,  the  rotations  are  probably  not  quite  accurate. 

CRYPTOPINE,  C21H2,,NOn.  Crystals;  melting-point,  217°. 
The  alkaloid1  is  inactive,  dissolved  in  chloroform  or  hydrochlo- 
ric acid  4 

NARCOTINE  (Opianine),  CaH,,NOT.  Crystals  ;  melting-point, 
176° 


Auxmui.    ^97  voji.  p.  c.  ;•    •• 

f     -  «  /t»     L«J 

j,  T         -  105.0- 
--  -  igi-5 
-  207.35 

2ttirt1      TTfM  _L  ixratm 

o      '«           "      -4-        " 

-|-    47  o 
--  -1     46.4 
i-    5oo 

',[«]/>  --  l^0 

Tn      "          "      4-        "      

Alcohol  (80  vol.  p.  c.  )  +  2 
Benzene,  ^  =  1.59,     [or]/j  = 

mol.  HCL.  ;  ™  2, 
=  —  229°  ;    dilute  oxalic  acic 

PSEUDONARCBINJS,   C^H^NOs.  H-3HaO.     Crystals;  melting- 
point,  about  175°.     Is  inactive  in  acetic  acid  solution.7 

inactive  in  neutral  or  acid  solution." 


i  Ann  Chem   (Liebig),  176,  198 
t  Wiener  Monatsli  Chem  ,  13,  691. 
»  J  Chem  Soc  ,  73,  893 
*  Hesse    Ann  Chem  (lyiebig1),  176,  200. 
s  Hesse    Ibid  ,  176,  192. 
°  Dott    Ber  d'chem  Ges  ,  17,  Ref  77. 
^  Roser    Ann  Cheni  (I^iebig),  347,  169 
»  Hesse  •  JbicL  ,  176,  198 
45 
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Strychnos  Alkaloids 

STRYCHNINE,  C^H^NjO^  Rhombic  columns ;  melting- 
point,  284° 

Alcohol  (d  =  0.865)     •   •  £  =  091,  [a]j=—  128° 

Chloroform c  =  4,  "    =  —  130 

£=225,        "    =  -1377 

«=i  5,          "    ==  —  140-7 

Amyl  alcohol £  =  0.53         "    =  —  235 

Alcohol  (d  =  o  8543) ...     c  =  o  25,  [a]=°  =  —  114.7°) 2 
"      (rf  =  0.8543)  ...  £  =  010,         "   =  — 1193  j 

Other  constants  are  given  by  Wyrouboff  on  strychnine, 
strychnine  sulphate,  and  selenate,  but  without  statement  as 
to  /,  c  or  t. 

The  effect  of  acids  (HC1.  HCHO2,  HC2H8O,,  H2SO+,  H,Cr041 
HSPO4)  H3AsO4,  H8C6H50T)  on  the  specific  rotation  of  strych- 
nine was  investigated  by  Tykociner  * 

Desoxystrychmne  Hydrochlonde,  C21H26N2O  HC1  (at  100°). 
Crystals. 

Water    c  =  10,     [a]/,  =  -  16  o°  6 

BRUCINE,  C_5SH2GN2O4  +  4HaO  Monoclmic  crystals ,  melt- 
ing-point, 178°. 

Alcohol  (d  —  o  865)    c  =  5.4,     (anhydrous),  \ci\D  ——   85° •>  6 

Chloroform      £=19,              "  "    =  —  127   I 

^=49,             "  "     =-119  J 

Absolute  alcohol £=2129,          "  [or]^  =  —  8oi07 

Effect  of  acids,  see  under  strychnine  8 

Oxyethylbruane      Chloride,      C28H26NO,.N<SjEl2  CH2-OH 

Colorless,  columnar  crystals,  melting-point,  185°. 
Water ^=45,     [>];£  =  ~  4  50°  • 

1  Oudemans    Ann  Chem  (I^iebig),  166,  76 

-  Tykociner    Rec  trav  clum  Pays-Bas,  i,  146 
3  Compt  rend  ,  115,  832 

*  Loc  at 

5  Tafel    Ann  Chem  (Z,iebig),  268,  245 

6  Oudemans    Ibid ,  166,  69 

"  Tykociner    Rec  trav  chim  Pays-Bas,  I,  148 

8  Tykociner    Loc  at 

8  Meulenhoff :  Centrbl ,  1893,  II,  761 


Other  Alkaloids,  and  Bases 

CORYDALINE,  C2aH!!TN"O4.     F,rom  Corydalis  cava.     Crystals  ; 
melting-point,  134°. 

Chloroform  .....  c  =  6  55,     [>]$  •=  -f-  300  x°  T 

Bur/BOCAPNTNS,  CjgH^NOj,      From  Corydalis  cava.     Mono- 
clime  columns  ;  melting-point,  199°. 

Chloroform  .....  c  =  4  48,     [orj^  =  +  237  i°  a 

CYTISINE     (Ulexme,     Sophorine),     CZ1HWNSO.     Colorless 
crystals;  melting-point,  150°  to  151.5°  (tmcorr.) 

Water  .................  c  =  2,     [or]"  =  ~  120°     •>  " 

Alcohol  (govol  p  c.)-     •  c  =  2,         "   —  ~  100.42  !• 
Chloroform  ............  c  =  2,          "   =  —    65  42  J 

,  CuH16NaO.N08H  -f-  H80.     Crystals. 
Water  ...........  <?  =  5.        C«]g  =  —  go  17°")  •" 

"    ............  ^  =  2-5          "  =-89.33  f 

,  CMH8SNOa  (at  100°).     Rhombic  crystals. 

CttHasNp,.       Crystals;      melting-point, 
no0  to  120° 

STAPHISAGRINS,  C88H8gNO6.     Amorphous. 

The  last  three  alkaloids  are  inactive  in  alcoholic  solution/' 

BCHITAMINE,  CUHS8N2O4  -f  4H2O      Crystals. 

Alcohol  (97  vol  p  c  )  .........     c  =  2,     [a]  js  --  _  288° 

According  to  Hesse,"  it  is  identical  with  Harnack's  ditaine.7 

IMPKRIALINS,  C36Hfl0NO4(?)      Needles  ;  melting-point,  254°. 
Chloroform  .............  ^  =  5.^62,     [a]/j  =  —  35  40  H 


+  4H2O.     Tough  colorless  mass. 
{Solvent?)  £  =  724,     [«]/>  =  +  ioi  6°  ,   c  =  25.89,     [or],,  =-  -|-  87  77°  « 

A  review  of  recent  determinations  on  pilocarpme  is  given  by 
Jowett,10  and  the  optical  rotation  of  the  base  and  salts  havs  been 
measured.  The  formula  of  the  base  is  taken  as  CHON 


i  Freund,  Joseph!    Ann  Chem  (I,iebig),  377,  7 
a  Preund,  Josephi    Itnd  ,  377,  12 
3  van  de  Moer    Arch  d  Pharm  ,  229,  57 
•*  van  de  Moer    Loc,  at 
6  Marquis    Jahresbencht,  1877,  p  896 
«  Ann  Chem  (I^iebig),  203,  144 
?  Ber  d  chetn.  Ges  ,  u,  2004 
8  Pragner    find,  21,  3284 
*  Poehl    Jahresbericht,  1880,  p  993,  1075 
10  J  Chem  Soc  ,  77,  473 
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Base,  chloroform?  c  =  i  to  20,     \_K\D  =  +  100.5° 
For  the  salts,  the  solvent  used  appears  to  be  alcohol  or  water- 

Nitrate,  CUH16O2N2.HNO8,  c  =   9.572,  [«]/>  =  +  82.90° 

HydrochloH.de,  c—  9924,  "   =  +  91  74° 

Hydrobrormde,  c— 10.058,  "  =  +  77.05° 

Sulphate,  c  =   7.318,  "   =  +  84  72° 


ISOPH,OCARPINE,  CUH16N2O2. 

£=11652,     [«]/>  =  + 42.91°  ] T 

c^    6.586,          "   =  +  3568    1 


Base  - ' «    •  • 

Nitrate „    .  .  „„ 

Hydrochloride c  —   4.974,  [a]    =  +  38.8     | 

Hydrobromide c  =   z  288,  "      =  -+-  32  8     J 

PlIyOCARPIDINE,  C10HUO2N2. 

Base c  =  1.5374,     [«]/>  =  +  81  3°   I2 

Nitrate c  =  7.104,  "  =  +  73  2     ) 

PIPERINK.     Inactive. 

SPARTBINE  C15H26N2.  Thick  oil,  colorless  and  odorless. 
Boiling-point,  180°  to  181°  (20  mm."). 

Alcohol  (96  p  c) £  =  2388,      [a]5|  =  —  14  6°  B 

d?-a-PiPECOLiNE  (a-Methylpiperidme),  C5H10N.CHS.  By 
resolution  of  the  racemic  synthetic  a-pipecoline  by  means  of 
rf-tartaric  acid.  Boiling-point,  ii8°toii904 

d°  =  0.860,    [a]D  =  +  21  73°  5 
Purest  preparation  •  [O]D  =  -f  37.29 ,  36  9  ,  37  2°  6 


,  C5H10N.CSH7. 
i.  Natural  Conine      From  Comum  maculatum. 

d*  =  0.873,  [a]/,  =  +  15  6°  i 

dw  =  o  845,  [a]y>  =  +  13  79  8 

d    =  0.845,  b  P  166°  to  167°,     [a]i>  =  +  15  6°  9 

rf19  =  0.8438,  b    p   165  7  to  165  9  (759  mm.),  [a]g  =  +  15.7 

1  Jowett    Loc  czi     Solvent  not  given 

2  Jcrwett    Lac,  at     Solvent  not  clearly  given. 

3  Bernheimet    Gazz  chim.  ital ,  13,  451 

*  I^adenburg    Ann  Chem  (I,iebig),  347,  65 
&  I^adenburg    Loc  at  (1888) 

6  I^adenburg  ,  Her.  d.  cnem  Ges  ,  37,  856,  3063  (1894) 
i  H  Schiff    Ann  Chem  (I^iebig),  166,  94  (1873) 
B  Ladenburg    Ibid  ,  347,  86  (1888) 
«  I<adenbutg  .  Ber.  d.  chem  Ges  ,  37,  858  (1894) 
u  wolffenstein    Ibid.,  37,  2612 
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2.  Artificial  Conine^  by  resolution  of  ar-./V'-propylpiperidine  by 
-means  of  ^-tartaric  acid.1 

rf»  =  o  845,    [«]*  =  +  13.87° 2 

d™  =  0.8438,  b.  p.  167  7°,    [«]/>  =  +  18.3" 8 

The  following  data  on  the  specific  rotation  of  conine  and  its 
.salts  are  given  by  Zecchini.* 


Name 

Solvent 

c. 

t 

[«]» 

Conine 

Benzene 

13094 

242° 

+  954° 

ic 

t< 

20  464 

22.1 

+  977 

« 

ii 

33  290 

239 

+  11  14 

!( 

Alcohol 

10  841 

244 

+  812 

(I 

<t 

15  172 

22.7 

+  870 

(( 

11 

44.687 

26 

•+•  998 

(( 

Water 

1.071 

25  7 

+    I  21 

Acetate 

Benzene 

22854 

25-7 

+    363 

(i 

Alcohol 

21  904 

25,0 

+    2.35 

(i 

Water 

3i  944 

266 

+   i  16 

Hydrochloride 

Alcohol 

6  722 

25 

+  4-56 

it 

Water 

II  458 

26 

+  027 

Hydrobromide 

Alcohol 

6053 

234 

+  4-28 

it 

Water 

ir  890 

25  6 

+  027 

A  cety  leonine,  C8H18N(C3HSO).     Liquid;   boilmg-pomt,  125 

•  (14  mm.) 

</16  =  0.9616,    M2  =  +  34  2°  6 

Benzoylcomne,  C8H10N(COCGH6),     Liquid. 


l-Conine     I/iquid. 

Absolute  alcohol  .  .     .  c  =  50,     [a]*°  =  +  15  2°  7 

N-Methykonine,  C8H16(CH,)N      Boihng-pomt,  173°  to  174= 

<757mrn.). 

rfM»  =  08318,    2^  =  24°,     \oi\D  =  +  8r  33°  8 

ISOCONINE  (?),  C8H1TN. 

ta]Z)  =  +  8i909 

1  I,adenburg    See  §  33,  p  na 

a  Ladenburg   Ann  Chem  (I,iebig),  247,  86  (1888). 

2  I,adenburg   Ber  d.  chem  Ges  ,  27,  3066  (1894), 

*  Esperienze  Sul  potere  rotatono  della  comma  e  dei  suvi  salt     Roma,  1893. 
s  I,adenburg    Ber.  d.  chem  Ges  ,  ad,  854 

•  Ivadenburg   Loc  at 

i  lyadenburg  Ann  Chem  (Liebig),  247,  86 
8  Wolffenstein  Ber  d  chem  Ges  ,  37,  2611 
0  1,adeuburg  find  ,  36,  854. 


According  to  WolfFenstein,1  this  is  a  mixture  of  ^-comne 
with,  inactive  conine. 

Bensoyhsoconine,  C8HiBN(COC6H5).     Liquid. 
ctw  —  i  0623,     [a]/,  =  +  29  i°  * 

/S-PROPYi,  PIFERIDINE,  CBH10N  C8H7.     The  synthetic  base 
has  been  resolved  by  means  of  tartaricacid  by  J.  D.  Granger.* 
d-Base,  d  =  0.8517,     [or]*  =  +  6.39° 
l-Base}  d  —  o  8517,         "  =  —  6.39° 

a-IsoBUTYifPiPBBiDiNB  (Homoconme),  CBH10N  CH2. 
CH(CH,)2  Liquid  ;  boiling-point,  181°  to  182°  ;  d°  =  o  8583 
Inactive  * 

Homocomc  Aad,  C1HH17NOa,  and  Amido  Valeric  Add, 
C6HuNOa,  formed  by  the  oxidation  of  conine,  are  inactive  in 
5  per  cent,  solution  B 

PARAGONING,  CSH1BN.  Liquid  ,  boiling-point,  168°  to  170°. 
Inactive  " 


,  CBH15N.     Liquid  ;  boiling-point,  168° 
de*  ==  o  8976,    [>]0  =  —  7  8°  7 

«-CONICE;INEJ,  CHH16N.     Liquid  ;  boiling-point,  150°  to  151°. 
[a]fl  =  about  -f  42°  8 

The  statement  of  Hesekiel9  that  jS-picolme  is  active  is  an 
error,  according  to  Landolt.10 

NICOTINE,    C10HUN2.      Boiling-point,    246  7    (745    mm.). 

d™  =  i  01  101 

[or]a°  =  —  161  55°  u 

"    =—  164.0  12 
[o:]^  =  —  161.09  1S 
[or]^  =  —  162  84,     df  =  I  0107  u 

1  Ber  d  chem  Ges,,  29,  1956 

2  I/adenburg    Lac  cit 

3  Ber  d  chem  Ges  ,  30,  1060 

*  Jacobi,  Stoehr    Ibid  ,  36,  949 

8  Schotten    Ibid  ,  ip,  503,  507. 

0  Michael    Ibid  ,  14,  3105 

^  lyellmaian    A.nn  Chem.  (I,iebig),  359,  199, 

8  I,elltuann,  p  203 

D  Ber  d  chem  Ges  ,  18,  3091 

'n  Ibid  ,  19,  157 

u  I^andolt,  §  52   Ana  Chem  (lyiebig),  189  241 

13  Hem    Inaug  Diss  ,  Berlin,  1896 

13  Nasim  and  Pezzolato    Ztschr  pliys  Chem  ,  ia,  501 

H  Gennan    Ibid  ,19,  130,  §  46 


ALKALOIDS  711 

Rotation  dispersion  of  nicotine.1 

Effect  of  temperature  between  10°  and  30°. a 

Solutions  in  water  '' 

Solutions  in  water,  great  dilution.'1 

Solutions  in  water,  inciease  of  rotation  on  .standing/' 

Solutions  in  ethyl  alcohol." 

Solutions  in  propyl  alcohol,  ether,  acetone.'' 

Solutions  iti  benzene." 

NICOTINE  SALTS.    Right-rotating. 

HydrocMoridc,  C10HuNa.HCl. 

Wntei,'  [>]•»  ~  -|   51  50  -  0.7931  q   \  0.00/1338  g*t  for  q  —  57  to  90, 
from  which  for 

/=io    [«•?;;     -f-  14.44;  /     30:  [«]%'       I  16.75° ° 

Neutral  Sulphate,  (C]()H14Na)J.H.,SO(. 

Water,  O]?;  —  |- ig-77   -0.05911(7,    for?   -301090, 
from  which  for 

fi-.io    [«]*•   -  I  14.53,  /      30    [a]y;  •=  -  r5  64°  "> 

Acetate,  0,^1,^,0^1,0,. 

Watci,  (.<*]/)  —  "I"  49  680  —  0.6189  9  ~f  0.002542  #'-,  for  q    -  77  to  95, 
from  which  for 

^  -  10.  [«]-;  -  -(-  14.57°;  ^  -30-  r«]fj      |  1881° '« 
Water C^]}"  •=-  +  13.204  +  0.11406  c  \  0.002073  c\  tor      6s11 

On  the  behavior  ot  a  left-rotating  equi molecular  mixture  of 
nicotine  and  glacial  acetic  acid  on  dilution  with  water,  see 
§46,  p    1 6 1.     For  solutions  of  nicotine  acetate  in  alcohol  • 
c  =  12.97 :  [«]»  ™  —  65  27° ,  c      51.12-  [«];,'  ^-  -   58.94° 

On  addition  of  water  to  the  alcoholic  nicotine  acetate  solu- 
tion, the  rotation  becomes  right-handed  ;  conversely,  aqueous 

1  Geunari,  §  46,  p.  160 

-  t,auclolt,  §  60,  p  208. 
<  I,aiidolt,  §  52,  p  181 

*  Pnbram,  TIein,  §  56,  p  198 
8  Pribram,  §  76,  p   282 

."  I^indolt,  §  52,  p  182  ,  Hem,  §  62,  p  229. 

^  Helu,  \  6s,  p  329;  Nnsinland  Genunn  j  ztoehi.  phyn  Cltem.,  19,  117  ,  §  46,  p.  163. 
*  «  Hem,  §  48 

'  •  Schwebel    Her.  d  chetn.  Ges,  15,  aSso. 

M  Schwebel 

»  Nasmi  and  Pes-zolato  •  Ztscln  phys.  Chem  ,  la,  "501 
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solutions  of  the  salt  become  left-rotating  on  addition  of  alco- 
hol. The  aqueous  solutions  of  the  sulphate  and  hydrochloride, 
which  are  right-rotating,  behave  in  the  same  manner 

The  separation  of  nicotine  from  the  alcoholic  solutions  of 
its  salts,  by  means  of  triethyl  amine,  aniline,  and  ammonia, 
may  be  followed  by  the  polanscope  ,  a  method  of  determining 
nicotine  is  based  on  the  complete  displacement  by  solutions  of 
potassium  and  sodium  hydroxides.  The  decompositions  are 
not  absolutely  complete  m  aqueous  solutions  l 

Boric  acid  added  to  an  alcoholic  solution  of  pure  nicotine 
produces  a  slight  decrease  in  the  left  rotation. 

HYDRONICOTINE,  C10H1(1N.j.  Boiling-point,  263°  to  264°. 
dv  =  o  993. 

Water     ............  c  —  13.7°,     [<*]/,  =  —  15.40  2 

^-CoPEivLiDiNE,  C8H17]Sr.  Boilmg-pomt,  162°  to  163°. 
d=  o  838. 

d    —  0.8381,     [a]D  =  +  36  50°  8 
rf*  =  0.8375,         "     ==  +  3693* 

/-COPEUJDINE.     Boiling-point,  162°  to  164°. 

d    =  0.8386,    [a]/,  =  —   7.91°  » 
dw  ~  0.8347,       "    =  —  16.26°  4 

^-IsocopEi,ijDiNE,  C8H17N.     Boilmg-pomt,  103°  to  166°. 
d16  =  o  8500,     [a].D  =  —  25  93°  * 

/-ISOCOPEUJDINE      Boiling-point,  162.2°  to  162.5° 

d    =  o  8445,     [a]/)  =  —  25  93°  3 
rf"  =  08435,         "    =  —  5703* 


C10H13N".  The  racemic  base  has 
been  split  by  Pope  and  Peachey6  by  the  dextrocamphorsul- 
phomc  acid  method.  They  give  for  the 


l-Base,  dy  s  =  1.02365,     [o:]«  =  —  58.12° 
d-JSase,  d™  =  i  0192,      [0:]=°  =  +  58  09 

1  Pezzolato    Gazz  chini  ital  ,  10,  780 

2  Etard    Compt  rend  ,  97,  1219 

8  I/evy,  Wolffenstem    Ber  d  chem  Ges  ,  a8,  2271. 
*  lyevy,  Wolffenstem    Ibid  ,  Ges  ,39,  1960 
6  J  Chem  Soc  ,  75,  1066 


For  the  rf-base  ,  Udeubuttf  found  nearly  the  same  value 
after  tnrtanc  acid  resolution,  In  their  paper,  Pope  and 
Peochey  give  the  constants  for  salts  and  other  derivatives. 


37.  Glucosides 
SAIJCIN,  C,,,HIHO7. 


3, 

f     . 

Alcohol  (50  p.  e,),     [tr]/,         50.30-0  05026.7, 

/        22°l0260,  (7-     901096* 

HfewciN,  CISII1(10T  -I-  ''/(HaQ. 
Alcohol  (50  p.  c.)  ......  t    -  ao8,  /»  =,-3  to  o    r«ly,   - 

Waler  ......  /       '-35.  (anhydrous),1  ^  3 

POPULIN,  C,,,,II,,0M. 


.n,,/),,  -I   2HaO. 
Alcohol   (97  p.  c.).-  p      iios,    C«]^--49.4o-a 
Alcoho1  ..............  /      4-6,     [«]/,«  -.5ao,V4 

Wooil  alcohol     ......  y>      3<9(         <i        _         - 

AMYGDAMN,  CJKnNOn  +  3H,O. 

f«]/'    -  -3S501" 

APIIN,  C37H,,,Oln.     Weak  alcoholic  solution 
l"L  -  i  173°  I1 


,  CI8H,X)H  f-  aH,0 
Waler  ......  ^       0.62!  (anhydrous),    rf.      0  99y8l     [rt];;.-.  -66  90" 

GWCOVANIWWN,  CHH,H0M  -|-  2H,0 
Water  ........  /*       0.896  (anhydrous),  f/;»       ,.0oir,  t<x]$          88  63°  ' 

1  Her.  d.  chem.  Oes.,  37,  75 

8  Hesse.  Ann.  Chem   (WeWg),  I76,  nfi 

•'  Vegseheider  :  Her.  d.  eheiu.  Ges  ,  18,  1600 

*  Biot,  Pasteur  •  Conipt.  rend  ,  34,  607 

"  Sorokln;  J  prnlct  Cheiu.,  fa],  37,  ,w 

•Sorofcln./^,  [a],  37,39,.' 

f  Biot,  Pasteiu  ,  /.oc,  ctt. 


« 
•  Ouderaans  . 

»  Booehatdat  :  Compt          .,     ,  ,  IM. 
Wudenborn,  Oetwhten  :  Her.  d,  chem  Qe*.  9, 


UJ?    JKLUJ.AAJLUJN    UJt< 


JSU.UJLB,S> 


CONVALLAMARIN,   C23HWO12. 

Alcohol [a]/)  ~  —  55s  ' 

DlGlTONIN,  C27H48OU  +  5H,O. 

Acetic  acid  (75  P  c  )  •    £  =  28,     [«]/»•=-  —  50°  2 

IVY  LEAF  GUJCOSIDB,  CsaH84On 

Alcohol zf=220,     [a]/,  ^™475011 

ISOHESPBRIDIN,  C,2H2flO12  H-  2H2O 

Alcohol [«:]/)=  —  89°  ' 

NARINGIN  (Aurantiin,  Hesperidin),  C2lTEii6On. 

Water...  .      c  =  20.46,    £  —  17°,    [«]/>  =  --  84.5°  )s 
Alcohol   ...c=   7299,  jf  =17,      [«]/,  =  —  876  ) 

OUBAIN,  C30H40O12  +  7H,O, 

Water ^  =  065,     [a]£=  — 34°° 

PlCSiN,  C14H1807  -f  H20. 

Water p  =  2.5,       [or]/,  =  —  84° 7 

CONVOLVULIN,  CnHugOff      Melting-point,  140°  to  148°. 
Alcohol [a]/>  =  — 369°" 

In  addition,  E.  Fischer  has  produced  a  series  of  simple  glu 
cosides  synthetically  and  has  determined  their  constants  of  ro 
tation 


Solvent 

P 

da° 
'   no 

ws. 

&  Fischer 

a-Methyl-d?-glucoside 

Water 

5 

. 

+  157  6° 

28,   115: 

a-     "      -A 

C( 

5 

—  156  9 

28,  115: 

rt-Btliylrrf- 

(I 

9  002 

1.025 

+  1506 

28,  115^ 

(1 

8897 

-  150  3 

28,  115^ 

or-Methyl    galactoside 

cc 

9.119 

I  026 

--  179  o 

28,  ITS' 

an                           (i            10 

Borax  sol 

8-5 

. 

--     26 

28,  II5« 

Ethyl 

Water 

9-47 

1.0273 

--  178  75 

27,  248) 

Benzyl  arabmoside 

«« 

T  03 

I  0013 

+  215.2 

27,  2482 

Methyl  glucoheptoside 
cr-Methyl  xyloside  ' 

ic 

Cl 

10  06 

932 

10338 

I  026 

—   74.7 

+  153  2 

28,  1156 
28,  1158 

/B-       " 

II 

9  14 

1.024 

~    659 

28,  1157 

Methyl  rhamnoside  .. 

(C 

9.68 

I  024 

—    62  2 

28,  1155 

*  '       sorboside  .... 

l< 

9.12 

I  028 

-   88.5 

28,  Ii6c 

« 

8  !9 

1.026 

—   889 

28,  1160 

Mandelnitnle     glu-  ^ 
coside  .  -            j 

II 

825 

1018 

—    26.9 

28,  1509 

Acetone  rhamnoside  - 

(I 

9.16 

I  017 

+    17-4 

28,  1163 

Diacetone  arabmoside 

It 

2  41 

I  003 

+     54 

28,  1164 

"          glucoside 

Cl 

493 

I  008 

-   185 

28,  1167 

"          fructoside 

II 

7  29 

I  014 

—  161  3 

28,  1165 

Triacetone  mannitol  • 

Alcohol 

958 

oSic 

+    12.5 

28,  1168 

i  Tanret    Jahresbencht,  1882,  p  1130 
s  Vernet    Jahresbencht,  1881,  p  991 
r>  Will  •  Ber  d  chera  Ges ,  ao,  294 
i  Tanret    Bull  soc  chim,  [3],  n,  944 
"  Ber  d  chem  Ges 


s  Kiliani    Ber  d  chem  Ges.,  34,  339 
4  Tanret    Bull  soc  chim ,  [2],  49,  21. 
0  Arnaud    Compt  rend.,  107, 1162 
8  Kromer    Chem  Centibl.,  (1894),  I,  635 
111  In  aqueous  solution  inactive 
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Also :  rf-and  AMethylnmnnoside. 

Water p     8,     [cr]/.       ±  70  2  to  79.4°  ' 

rf-fonn    Water />      i,       "          -|  825' 

11     /    -8,        "  'I   792 

Alcohol /      i,       "  =  -I-  87.3 

28.  Bitter  Principle^  and  Indifferent  Bodies 
Santonin  Group 

The  following  data,  unless  otherwise  stated,  are  from  Carne- 
lutti  and  Nasini.11  According  to  these  authors  the  concentra- 
tion is  without  effect  on  the  rotation  : 


Substance 

Solvent. 
Tei  cent 

Alcohol  97 

' 

2 

Obneivet 

"       oo 

TC 

2 

I/^1,O 

,, 

"       So 

re 

2 

175^ 

*•  Hesse  < 

,, 

Chloi  ofoi  111 

re 

2    JO 

J7°  5 

ii 

26 

g 

171  5 

,, 

26 

i  c 

J7A  37 

1 

,, 

26.5 

^9^  15 

,, 

°O 

jjL  e 

,, 

26 

i    e 

I    754 

Paravsantonide  

" 

26 
20 

26  <; 

2.6-50 

g 

-i  897  25 

1   891  7 

Nnsuu  " 

,, 

26  t 

6 

„ 

26  <; 

^ 

.i2  33 

,, 

*°  5 
26  «; 

6 

45  35 

Allyl  cslcr*  »  •  

K 

lf\   R 

6 

,iv  J  1 

II 

27 

g 

39  54 

II 

26 

A 

4'  "3 

Methyl  ester  
IJthyl  ester  

II 
II 

26 

vfi 

9"<5I 
108.91 

Propyl  ester  

II 
It 

26 

6 
< 

--    99.98 
91.27 

II 

-="•5 
26 

A 

—     13  14 

II 

^>fi 

£ 

1100  53 

99.21 

i  Fischer,  Beensch  :  Bei  d.  clieui  Get ,  ap,  3927. 
3  ^kensteiii  .  Rec  trav  chnu  Pays-Una,  15,  221 
o  Ben  d  chem.  Ges,,  13,  2208. 
*  Ann.  Chem   (Webig),  176,  135. 
fi  R.  Accad  I/mcei,  13,  1892 


CONSTANTS  OP  ROTATION  OP  ACTIVE  BODIES 


Substance 

Solvent 
Per  cent 

t 

c 

[«]/» 

Observer 

Alcohol 
ii 

ii 

ii 
it 

ii 

11    97% 
11    80% 
Water 

14 
13 

20 

20 
II 

17 

22.5 
22.S 
225 

2 

07 

1.4 

28 
2.4 

09 

1-3 
2-3 

2 

—  121  6 

Villavec- 
chia  l 

*   Canmr- 
1  za.ro,  Fa- 
j  bris.2 

1  Hesse'1 

Gucci 
and 
G  r  a  s  si- 
'Cri  stal- 
di* 

+  76.77 
+  319 

+    20.4 

+  124.17 

+  586 

-  25.8 
-  26.5 
-  1936 

—     4.62 
+    62.07 

+  6437 
—  103.67 

-  136  83 

Dehydrophotosantomc  i 

Isophotosantonic  acid  .  •  • 
Monoacet  ylisophoto-  •» 
santomcacid  J 

1C                          C( 

Hyposantonmic  acid..  • 
Dihydrosantmic  acid.  .  .  . 

Santoninammesulphate  •  • 
Santomnamme   hydro-  •> 
chloride  I 

::. 

The  following  data  are  given  by  Nasini6  for  the  specific  rota- 
tion of  some  bodies  of  the  santonin  group  for  light  of  different 
colors 


4) 

S 

t 

Santonin 

Meta- 

Santomde 

Para- 

Santc 

g 

santoniu. 

santonide 

acic 

Chloro- 

Chlorof 

Chloi 

i 

1 

Chloroform 

Alcohol 

form 

Alcohol 

Chlorof 

eo 

S 

?  =  75  tOQ96  5 

c=i  782 

C=22d6 
*=20° 

2~=20° 

t~  20° 

*=2C 

B 

6867 

—  140  I    +0.2085^ 

—  1104 

+    92 

+    442 

+  484 

+    580.5 

— 

C 

6562 

—  1493    +01555? 

—  118.8 

+  104 

+    504 

+   549 

+    6556 

— 

D 

5892 

—  202  7    +  o  3086  q 

—  161.0 

+  124 

+    693 

+   754 

+    8917 

— 

E 

5269 

—  285  6    +  0.5820  q 

—  222  6 

+  167 

+    991 

+  1088 

+  1264 

I^JI_I     IT 

b\ 

5183 

—  302.38  +065570 

—  2371 

+  182 

+  1053 

+  1148 

+  1334 

—  I 

F 

486  i 

—  36555  +082840 

—  261  7 

+  217 

+  1323 

+  1444 

+  1666 

I 

e 

4383 

—  534.98+1  52400 

—  3800 

+  257 

+  201  1 

+  22OI 

+  2510 

—  I 

g 

422.6 

.... 

... 

+  338l 

+  26lO 

+  2963 

—  2 

i  Ber  d  chem  Ges  ,  18,  2859 

a  Ibid ,  19,  2260 

«  Ann  Chem  (I,iebig),  176, 125 

l  Gazz  chun  ital  ,  33,  i 

*  R.  Accad  I^mcei,  [3],  13,  1882 
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Andreocci1  gives : 

rf-Disantomous  acid \_a"\D  —  +  85  9° 

/.           "            "    "  =  —  85.8 

rf-Santonious       "   "  =  +  74-6 

/-            "            "    "   =—743 

Desmotropodisantomous  acid--««  "  =  —  64.5 

Desmotroposantonious  acid ' '  =  —  53  3 

Other  Vegetable  Substances 

ASEBOTOXIN  (Andromedotoxm),  C81H61O10. 

Water c  =  2.8,       [«]»  =  —    g.?0)2 

Chloroform £  =  0.41,         "  =  -f-  10.1  j 

PlCROTOXIN,  C]2HUO6. 

Alcohol ^  =  3-125,     [«L  =  — 281°  » 

ECHICERIN,  C30H48O2. 

Ether 

Chloroform    c  -  2,  "    =  +  65  75 

ECHITIN,  C,2H52O2 


Ether c=z,  [a]g  =  +  63.75°  j4 


Ether c=2,  [or]g  =  +  72.5"  1  6 

Chloroform      c  —  2,  "    =  +  75  3 

ECHITEIN,  C42H70O 

Ether     c=2,  [a]g  =  •+•  88° 

Chloroform     c=2,  "    =  +  85  5 

ECHIRETIN,  C85H56O, 

Ether c  =  2,  [a]g  =  +  54  8°  6 

EUPHORBON,  C16H2tO. 

Ether ff  =  4,  [«]g  =  +  "  7°  j" 

Chloroform    r=4,  "    =  +  18.8   ) 

ANTIARONIC  ACID,  C8H10O5  (from  Antiaris  toxicana). 
Water |»  =  +  3°°  7 

IvtJPEOI/,  C26H42O  ?. 

Ether....       £  =  9.97,      C«U>  =  +  27°  8 

i  Atti  R  Accad    I,incei,  [5],  4. 164 

*  ^aayer    Rec  trav  chim  Pays-Has,  5,  313 

s  Bouchardat  and  Boudet    J  pharm  chim  ,  [3],  33,  288 

*Jobst  and  Hesse    Ann  Chem  (Liebig),  178,  49 

6  Jobst  and  Hesse    Loc  cit 

«  Hesse    Ann  Chem  (I,iebig),  193,  195 

7  Kiliam  .  Arch,  der  Pharm  ,  334,  438 

8  Likiemik    Ztschr  physiol  Chem ,  15,  415 
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PHASOI,,  C13H24O 

Chloroform p  =  4,  [a]  />  =  -f  30  6°  l 

ar-LACTACEROIv,  C18H30O. 

Chloroform    p  =  2  372,     [ar]^  =  -f-  76  2° 

jS-LACTACE>ROL,  C18HSOO 

Chloroform ^  =  4,  [a]g  ==  -f  38.2°  * 

QUEBRACHOI,,  C20H,40 

Chloroform p  =  4,  Mg  =  —  29  3°  8 

CUPREOI,,  CioHS4O. 

Chloroform /•  =  3  156,      Mg  ==  —  37  5°  * 

ClNCHOI,,  CjjoH^O, 

Chloroform p  =  6,  [a]g  =  —  34,6°  6 

29.  Biliary  Substances 

CHOLESTERIN,  C26HWO(0  (melting-point,  145°)  andC26HMO 
+  H20. 
Anhydrous  ether c  =  z,     \_CI\D  =  —  31  12°  i6 

chloroform  . .     .     j  _    / =          2  5  8l 

i  [«J3  =  -  37  02,     -  37  81,    -  38.63°  f 

from  which.  [a]^  =  —  36.61  —  o  249  c  J 

Solutions  of  the  anhydrous  substance  in  ether  {c  —  7  941), 
and  in  petroleum  spirit  (c  =  10)  gave,  m  agreement  with  each 
other,  the  following  numbers .  7 


[«]  = 


—  20.63 


•2554 


-3i  59 


-3991 


—  4192 


-4865 


-62.37 


Cholesterin  Ester  of  Oleic  Add,  C26H43O  (C18H8SO).     From 
dog  serum      Melting-point,  41°  to  45°. 
Equal  parts  of 


alcohol  4-  chloroform 


C=  7 


=  ~  l8  8o° 


1  r,ikiermk    Ztschr  physiol  Chem  ,  15,430 

-  Hesse    Ann  Chem  (Lietrfg),  334,  248 
a  Hesse    Ibid ,  an,  272 

*  Hesse    Ibid ,  228,  291 
6  Hesse    Ibid,,  328,  294 
6  Hesse    Ibid  ,  192, 178 

'<  Ifindenmeyer    J  prakt  Chem  ,  [ij,  90,  323 
s  Hiirthle    Ztschr  physiol  Chem ,  ai,  337 
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PHYTOSTERIN,  C28HWO     Melting-point,  132°  to  133°. 
Chloroform ^=1636,     [«jg  =  —  34-2°  * 

PARAPH  YTOSTERIN,  Cja^O. 

Chloroform c=345,      [ar]^  —  —  44-1°  2 

ISOCHOWBSTERIN,  C26H44O.      Melting-point,  138°  to  138.5° 

Ether r=7344,     [a]*  = -f- 60°  8 

«      -/. c  =  6.435,         "    =  +  59  i04 

PARACHOLESTERIN,  C26HHO.    Melting-point,  134°  to  *34-50 

Chloroform  ....     f  =  2  7,     rf=  1.4717,     [«]£  =  - 28  88°  5 

CAULOSTJSRIN,  C26HWO     Melting-point,  158°  to  159°. 

Chloroform ,-  =  50905,  f»  =  —  49-6°  6 

ERGOSTERIN,  C26HWO 

Chloroform ^=333,       [or]/)  =  —  114°  7 

KOPROSTERIN,    C25HHO       From    hitman    feces.    Melting- 
point,  95°  to  96°. 
Ether. .  ..   c  —  13  2  (i  581  gram  subst.  in  12  cc  ether),   [«]/>  =  +  24°  8 

GLYCOCHOivic  ACID,  C28H4BNO6. 
Alcohol    . .     •  c  =  9  504     Rotation  independent  of  the  concentration 


x,feht 

c 

D 

E 

^ 

^ 

G 

[«]  = 

-+•  21.6 

-(-  29  o 

+  37-9 

+  40  o 

+  487 

+  568" 

Alec 
Wat 

«#,  NaCa6H42N06 

=  20143,     \,d\D  =  +  25.7°)  8 

=  2^028.     "  =+  208  r 

er  c  — 

The  concentration  is  without  influence 
TAUROCHOUC  ACID,  C26H43!SrSO7. 


24  5 


Sodium  Salt, 

Alcohol  .....  c  —  9  898,    \aD  = 
Water  .....     ^  =  8856,        "    =  +  213 

1  Hesse    Ann  Chem  (I/iebig),  192,  177 

-  Likiemik    Ztschr  physio  1  Chem  ,  15,  430 
•>  Schulze    Her  d  chem  Ges  ,  12,  149 

*  Schulze,  Barbien-  J.  pralct  Chem  [2],  25,  170 

s  Keinke,  Rodewald    Ann  Chem  (Liebig),  307,  229  « 
«  Schulze,  Barbien    J  prakt  Chem  ,  fa],  25,  166. 

7  Tanret  •  Ann.  chim  phys  ,  [6],  20,  289 

8  Bondzynskt  and  Hummcln   Ztschr  physiol    Chem  , 
d.  chem  Ges.,  39,  476 

»  Hoppe-Seyler  :  J  prakt  Chem  ,  [ij,  89,  261. 
I"  Hoppe-Seyler    Loc  at.,  p.  263 


=  +  34 


396  ,  Bondzynski    Ber 


UJf  KU1AJUO.N  OF  ACTIVE  BODIES 

The  concentration  is  without  influence. 

CHOI^UC  ACID,  C2tH10O5(+  H2O)  and  (+  2V,H20) 

«.  Anhydrous  Cholalic  Acid. 

From  ox  gall .  Alcohol,  c  =  3.338,     [or]/?  =  +  50  2°  ) * 
"     dogfeces       "      £  =  2942,         "  =  +  476  j 

b    Cholalic  Acid  with  21/.,  mols.  water  of  crystallization.2 


Anhydrous    |    Anhydrous         Hydrated 


1       6  070 

!     +  35  4° 

+  3I90 

1       4433 

i     +34-8 

+  3M 

Solutions 

2707 

+  35-2 

+  317 

in  alcohol 

;      2659 

!     +339 

+  30-4 

2.030 

'     +345 

+  31  I 

1.804 

'     +34.2 

+  308 

Cholalic  acid  with  21 .,  mols  water   Alcohol,  c  =  2.962  (2  659  anhydrous )    s 


3y.ne                                    j       B             CD 

E 

b« 

.F 

G 

r   n      For  hvdrated  )  ;    ,          ' 
M        subsiance      j  ,  +  2^  ,  T  ^7  o    +  3o-4 

+  40  I 

+  42.2 

+  47-3 

+  608 

+ 

!                   i 

r    T      For  anhydrous  )         _ 

w    substa;ce  Si-  28  2  ,-30.1+33.9 

1-447 

+  47° 

+  527 

+  677 

+ 

£.  Cholalic  Acid  Alcoholate,  C,tH4003  +  C,H3OH.4 
Solution  in  alcohol  of  97  volume  per  cent 


r 

' 

[«# 

•with   crystal 
alcohol 

pure  acid 

/ 

t 

'with    crystal 
alcohol 

pure  acid 

f 

19207 

I  7262 

o  81518 

16.4  ' 

15 

1    +3I-300 

+  34830 

162 

13340 

i  1989 

0.81050 

234 

23-4 

!  +31.12 

+  3463 

23 

I  1525 

i  0358 

081006 

20.4 

20.4  ;;  -1-31.30    +3483 

21 

2  9204 

2  6246 

o  81493  . 

21.  1 

21.  1 

.  +31-72     +3529 

21  2 

09559 

08591 

0.81502 

142 

*5 

i  —32.02 

+  35.63 

12  2 

04794 

0.4309 

081260 

134 

15      '  -31-85    '+3544 

14 

1  Hopp*-Sejler   Zor. erf,  p  266 

2  Hoppe-Seyler .  Loc  at ,  p  267 

s  Hoppe-Seyler    J  prakt  Chem ,  [i],  89,  267 
*  Vahlen    Ztschr  physio!.  Chem ,  ai,  253 
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Potassium  Salt,  KCMH,8OV 
a.  Aqueous  solutions. 

c  =  6  004,    [a]j9  =  +  28  ac 

c—    7000,  "  =  +  27.5 

f  =  12  562,  "    =  +  25.9 

r=  16.749,  "   =  +  24  6 

r  =  22  332,  "     =  -f  24  I 

£=29775,  "    =  +  249 


p 

d. 

t 

Mi 

10433 

T.O020 

15 

-J-  29  10° 

<• 

0.9993 

3° 

+  3079 

3.4940 

1-00975 

5 

+  27.23 

<( 

I  00923 

20 

+  26.89 

5.4570 

I  01498 

II 

+  2769 

(I 

I  00695 

40 

+  27.06 

66825 

I  01843 

24 

+  26.51 

b    Alcoholic  solutions 


/>  =  2.ii78,    af2S  =  081027,     [a]g=  +  31.60°  is 
^           "         £?"=  0.81875,     [«]!?=  +  31-27  j 

f  =  4  22 

lAgU 

c 

^ 

^ 

d 

F 

M  = 

+  23.7 

+  30.8 

+  38.5 

+  40-9 

+  475°  4 

4,  NaC24H99O5 
a.  Aqueous  solutions.5 

c  =  19  049. 


I,ight 

5 

C 

J3 

£ 

d 

F. 

[«]  = 

+  19-7 

+  21  0 

+  260 

+  33  I 

+  340 

+  420° 

i  Hoppe-Seyler    J.  prakt  Chem.,  [j],  89,  270 

*  Vahlen:  ztschr  physiol  Chem  ,  ai,  253. 
»  Vahlen. 

*  Hoppe-Seyler  •  Zoc  «/.,  p.  269. 

*  Hoppe-Seyler    Loc  at ,  p  271 
46 
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7.5888         I  01969      22  5°         -J-  27  46° 

4  945°  l  01298  24  -J-  28  19 
4  0419  r  00826  20  '  —  27  65 
2  2920  I  00595  23  -f  30.61 

From  this,  the  specific  rotation  appears  to  be  increased  by 
lowering  the  concentration. 

b.  Alcoholic  solution. 

c  =  2  230,    [a]/)  =  —  31.4°  J 

Cholalic  And  Methyl  Ester,  CH3.  CrtHwO6.     Crystals 
Alcohol ^  =  459,     [«]z>  = -h  31-9° 

Cholalic  Add  Ethyl  Ester,  C,H5.  CaHsO5.     Crystals. ' 
Alcohol c  =  18  479 


tight  D  D  E  b 

[a]  -=      --  25.4      -  32  4  ,  —  40  5     -t-  42  sc 

CHOLEINIC  ACID,  C.tHrtO/?).~CaH1_,O1.1 

Alcohol 


2469  oSno  24°  —48.87° 

i  786  o  8105  22  -}-  49  52 

o  862  o  So6i  24  —  48  60 

0694  obogo  21  —52.49 


CHOLAXIC  ACID.  C^H^O.  —  T  4H..O 


Barium  Salt,  BajC^H^O.  - 

Water  ........  ^=3638,    ^=1017,     \a\D  =  -i-  49  37°  * 


DESOXYCHOLIC  ACID,  C^H^O^ 

Alcohol,  p  —  i  96S,    aP  *  =  0.81142,    [orjg-4  =  J.  49  86° 

i  Vaitlea    l,tf  us 

*  Boppe  SeyJer    1&.  cit  ,  y  ri 

*  Hoppe-Seyter   /*«•  n*    p  977 

4  XjUscfeiaoff    Ber  d  chna  G«s    19,  475 
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LITHOFEUJNIC  ACID,  C20HMO^     Melting-point,  205°. 

Alcohol 


30.  Gelatinous  Substances 

<r-Gi,uTiN  (ordinary  glutin,  gelatine). 


The  rotation  decreases,  therefore,  with  the  temperature  ;  but, 
on  the  other  hand,  it  does  not  appear  to  be  much  influenced 
by  the  concentration 

The  effect  of  acids  and  alkalies  is  shown  by  the  following 
experiments  : 

Glutin  solution  with  c  =  3.06  : 

Mixed  with  equal  vol.  of  ammonia  ................  {.°L]D  =  —  *3o  5°  1  2 

"        "    a  few  drops  of  sodium  hydroxide  ......         "   =  —  1305    1 

"        "    the  same  volume  of  hydroxide  .........         "=  —  1125    f 

"      "      "          "       "acetic  acid  ........        "  =  —  1140   J 

The  specific  rotation  of  aqueous  glutin  solutions  is  decreased 
by  long  boiling  •* 

/?-Gi,UTiN  Obtained  by  heating  i  part  of  gelatine  with  2 
to  3  parts  of  water,  in  a  pressure  bottle,  for  several  days  to 
100°,  until  the  liquid  no  longer  solidifies  on  cooling.4 

On  account  of  lack  of  uniformity,  the  products  showed  dif- 
ferences in  the  rotating  power 

Product  with  1.40  p.  c  ash.    Water,  c  =  5,      [«]jf  5  =  —  130  6° 
"    1.96    "      "  "      £  =  5,      !>]£    =-1258 

Multirotation  was  not  detected. 

The  following  observations  were  made  on  variations  in  the 
rotation. 

i.  The  rotation  of  aqueous  solutions  decreases  with  in- 
•creasing  dilution 

f=        5  4  3  2  i 

[or]"*  =  -  120.7    —  118.1    —  117.5     —  U4  o     —  113  7° 

i  Roster.  Gazz  chim  ital  ,  9,  364  ,  Hoppe-Seyler  and  Thierf  elder  "Haadb  d. 
phys  u.  path  -chem.  Analyse,"  6  Aufl  ,  p.  209 

*  de  Bary    Hoppe-Seyler's  tned  -chem.  Untersuch.,  i,  71 

*  Nasse  :  Maly's  Jahresbencht,  1889,  p,  29 

*  Framm    Arch  fur  die  ges  PhysioL,  68,  144  (1897). 
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2.  The  addition  of  methyl  and  ethyl  alcohols  in  amount  to< 
small  to  produce  precipitation,  decreases  the  rotation. 

3.  Alkali  chlorides  (and  also  KI),  and  also  alkali  nitrates 
bring  about  a  decrease  in  the  rotation  which  is  independent  o 
time  and  temperature,  but  a  chemical  change  in  the  glutin  u 
not  produced     Alkali  sulphates  have  no  similar  action 

4.  Acids  diminish  the  rotation,  and  in  greater  degree  the 
larger  the  amount  used  and  the  higher  the  temperature      The 
intensity  of  the  action  follows  in  the  order :  HC1,  H2SO4, 
HCsH,Oa,  H,PO4     The  change  does  not  increase  with  time 
On  neutralization  of  the  acid  the  original  value  of  the  rotation 
is  not  restored. 

5.  Alkalies  and  ammonia  (the  last  in  concentrated  condition 
only)  diminish  the  rotation.     The  decrease  becomes  greater 
with  time,  and  is  not  altered  by  neutralization  of  the  alkali ; 
a  chemical  change  in  the  glutin  is,  therefore,  produced.1 

CHONDRIN.    c  —  0.957. 

Water  with  a  few  drops  of  sodium  hydroxide  solution  \jot\j  =  —  213  5° 
The  liquid  mixed  with  an  equal  volume  of  sodium 

hydroxide  solution "    =—5520 

The  latter  mixed  with  the  same  volume  of  water  ...       "    =  —  281  o 

31.  Protein  Bodies 
SERUM  ALBUMIN. 

i    Neutral  aqueous  solution [or] D  =  —  56° 

Aqueous  solution,  saturated  with  NaCl "  =  —  64 

"       acetic  acid  added "  = 71 

'*               "       hydrochloric  acid  added  until  pre- 
cipitate formed  redissolves «»  =  _  78  7 

2.  [ur]^  =  —  62  6  to  -  64.6°  * 

3.  Serum  albumin  crystals . 

Third  crystallization /  =  2  07      \cc\D  =  —  62.6°  ) 

Still  further  purified p  =  2.345         "    =  —  60.1   \ 

4.  Serum  albumin  crystals 

*         •»•••*•••*••     •••••••*    f)  ;-—  tl  2  *  *     —  ,j_    _  x  £f 

Thud  crystallization  :         "  =  —  64 

1  Praam    Lof  ctt 

2  de  Bary    Hoppe-Seyler's  med  -cheat  Untersoch ,  i,  71 

*  Hoppe-Seyler    Ztschr  fiir  Chernu  u  Phann  v  Brlenmeyer,  1864,  p  737 

*  Starke    Jahresbencht  ffir  Thjeiicliemie,  1881,  p  18 

*  Sebaben    Ztschr.  physwl  Chem.,  9, 439 

*  Michel :  Verh  d  physik  -med  G«s.  za  Wfinttmi^.  ap,  No  3 
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IvACTALBUMJN. 


Water,  p  —  2  20,  \a\D  =  —  36.6°  •) 
"      /  =  332,          "  ==-36-4 
"      ^  =  423,          "    -  —  37.0 
"      /  =  3-i2,         "  -=-380 


Another  preparation         "      .^  —  3.12,         " 
EGG  ALBUMIN 
i.  Aqueous  solution 

Independent  of  the  concentration [«")/>  =  —  35  5°) J 

By  addition  of  hydrochloric  acid "   =  —  37  7  j" 

2    Dilute  hydrochloric  acid 

[«]a  =  -  37.8° • 

3.  White  of  egg,  fractionated  by  its  solubility  m  ammonium 
sulphate  solutions,  gave 

Fraction  r  soluble  in  concentrated  salt  solution,  3  75 

per  cent  albumin j 

Fraction  2  soluble  in  half-saturated  salt  solution,  8  59 

per  cent  albumin      

Fraction  3  soluble  in  dilute  salt  solution,  6.48  per 

cent  albumin 


=  —  42.90C 

—  -  34  3° 


=  —  25  13 


4.  Ash-free  egg  albumin,  wheat  albumin  and  pea  albumin 
made  by  the  process  of  Harnack  r>  The  specific  rotations 
refer  to  [«]/,  B 


In  alkaline  solution 

In  acid  solution 

The  acid  solution  treated 

with  NaOH 

Ash-free 
albumin  from 

In  ico  cc 
solution 
Gram 

Not 

Dialyzed 
to  turbidi- 

until it 

to  alkaline 
reaction 

and  fur- 
ther addi- 

dialys-ed 

ty  and  then 
cleared 

became 

clear 

with 
phenol- 

tion  of  5  ce 
cone  NaCl 

with  HC1 
' 

phthaleiu 

solution 

Piep 

\A 

01365 

.... 

-546° 

!-699° 

-  77  5° 

-976° 

Eggs  .  .  \  B 

0326 

-570° 

•  • 

•   - 

•- 

I    " 

0265 

•    • 

—  46  2 

—  668 

—  525 

-  559 

\A 

0287 

..    . 

-887 

—  993 

• 



Wheat  \  B 

0.188 

-930 

.. 

• 

... 

I   " 

O  102 

—  72  6 

•• 

—  546 

—  31.0 

Peas  

0534 

-837 

... 

—  62  o 

—  60  2 

i  Sebalien  .  Ztschr  physiol  Chem  ,  o,  457,  459 

*  Hoppe-Seyler    Ztschr  fhr  Chem  u  Pharm  ,  18(4,  p,  737 
s  Starke    Jahresber  f  Thierchemie,  1881,  p  18 

*  Bondzynski  and  Zoja    Ztschr  physiol  Chem  ,  19,  n. 
5  Ber  d  chem  Ges  ,  aa,  3046 ,  a3,  3745 , 35,  204 

*  Bulow    Pfluger's  Arch  f  d  ges  Physiol ,  58,  219. 
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ALBUMOSES  (Propeptones)  1 
Protoalbumose 


fl 

Dissolved  in  hydrochlonc  acid 
of  o  04  to  o  08  per  cent 

Dissolved  in  sodium  carbonate  solution 
of  o  12  per  cent 

1 

f*  =  I  588 

la]0  =  —  72-6° 

C*  =  2  198 

*  =  20°     [ 

a]D  =  —  81.2° 

JB* 

"  =  2  277 

"    =  —  79.1 

"  =  2  223 

t  =  21 

"    =  —  70.6 

C 

"   =  I  925 

"    =  —  77.9 

"  =  I  873 

*  =  235 

"    =  —  So.  i 

11  , 

.... 

.... 

"  =  2  361 

i  =  22.5 

«•    =-792 

D 

"   =  1.366 

"    =  —  73-2 

.... 

.... 



E 

"   =  I.68I 

"    =-71.4 

"  =  I  904 

t  =  24.5 

"    =  —  763 

"  ! 

.... 



11  =  2  494 

t  =  24.5 

11    =  —  75-3 

Deuteroalbumose 

Hydrochloric  acid 

with  o  06  p.  c  HC1 

"    004    "      " 
Soda  sol.  "    012    "    NajC( 
"     "    "    0.12    " 

Salt    "    "05      "    NaCl 

«      »    ,.    ag      „ 

Heteroalbumose 


**=  1.680 

"  =  1.517 

Prep  ^4  "  =  2.537 

"      ^  "  =  1.765 

11      A  "=1.287 

"      -ff  "  =  1.916 


Hydrochlonc  acid  of  o  07  p.  c  HC1  • 
Soda  solution 


£•=1.748 
c  =  i  584 


.  =  —  744° 

=  -  74.3  (77.6) 
=  —  753 
=  —  777(770) 
=  —  72  o 


]0  =  —  6865° 
"  =  —  60  6 


FlBRINOGEN. 

i.  Dissolved  in  2  to  3  per  cent.  NaCl  solution 

NaCl  +  ash 
ff  =  o426      1.362  p  c       \oi\D  =  -352° 

Fromoxblood U  =  o4i4  1752"  »  =  -  36  2 

U  =  osi8      1415  =  —  365 

(.£•  =  0.263      1819    "  "  =  —  377 

Mean  "  =  -  36  8 

From  horse  blood c  —  0.808     3  744  p  c  "  =  —  505 

Solutions  with  more  than  0.5  per  cent,  of  fibrinogen  can  not 
be  polarized  on  account  of  the  marked  opalescence. 

*c  ash-free 

i  KShne  sad  Chittraden    Z  f  Biologic  von  Kuhne  -a.  Voit ,  20,  (n  F  2).  25  1048 
-  Cnmer    Ztschr  physiol  Chem ,  33,  83 


Jb-XOTBJN  BODIES 

2.  Dissolved  in  NaCl  solution  : 


From  horse  blood 


•  c  =  0.205 
c  —  o  289 

NaCl  -f  ash 
1.045  p.  c.      [<a 
1.141    " 

r]z>  —  ~  50.6 
"  =  —  51.5 

c  —  o  532 
•  c  =  o  291 

2.251    " 
2.409    " 

"  =  —  53-9 

Mean         "  =  —  525 


3    Dissolved  in  o  r  per  cent,  solution  of  sodium  carbona 

NaaCO8  +  ash. 

c  =  0.481     1.788  p  c.      \ci\D  =  —  46.7°  -j 
c  =  0.225     1.341     "  "  =  —  44-5 

£  =  0400     1.611    "  "  =  —  457 

c  =  0.592     2.284    "  "  =  —  451 

S^RTJMG^OBUWN. 

Salt  solution [a]^  =  —  47  8°  1 

CRYSTAUJN. 

From  the  crystalline  lens . 

or-Crystalhn    Water,  p  =  3.29,     \,ct\D  —  —  46  9° 
/3-Crystalhn          "      ^  =  3.12          "    =-  —  43-3 

Albumoid  from  the  crystalline  lens 

Water p  =  2  33,     [<*]/>  =  —509* 

"      ^  =  251,         "  =  —  522 

VlTEUJN. 

"   =-4335) 

SYNTONIN 

From  the  myosin  of  muscles  by  solution  in  very  chin 
hydrochloric  acid,  or  by  action  of  strong  hydrochloric  acid  < 
albumin  Solution  in  very  dilute  hydrochloric  acid 

[<*]/>  =  —  72°  (Independent  of  the  concentration  ) 
Almost  the  same  rotation  is  found  in  weak  alkaline  solutio 

1  Mittelbach    Ztschr  physiol  Cheni ,  19,  289 

*  Cramer    Ibid ,  23,  86. 

*  Frddencq  •  Arch  de  Biolog  ,  i,  17 

*  Morner    Ztschr  physiol  Chem ,  i£,  91,  99 
5  Mbrner    Ibid  ,  18,  77,  88 

«  Chittenden  and  Mendel  Jahresber  f  Thierchenne  von  Maly,  1895,  pp  29,  33 


UJP    AV»  JL  JL  V  JBr    JUUJUJLjti,b 

On  heating  the  hydrochloric  acid  solution  in  a  closed  vessel 
about  1 00°,  the  rotation  is  increased  to 
[a]*  =  -  84  8°  * 

AlvBUMINATES 

Formed  by  the  action  of  strong  potassium  hydroxide  solut 
on  albumins.     As  maxima  there  were  found 

Albumin  ate  from  serum  albumin [ar]fl  =  — 86° 

"           "     uncoagulated  egg  albumin "  =  —  47 

"     coagulated        "          "      "=  —  58 

"  "     casein    (solution    in    strong    KOH 

Rotation  vanable  with  amount  of  alkali) .  ..     .  "  =  —  91 

CASEIN. 

In  magnesium  sulphate  solution [  tf]z>  =  —  80° 

In  water  containing  4  cc  of  fuming  hydrochloric  acid, 

per  liter   "  = —  87 

In  the  smallest  possible  amount  of  sodium  hydroxide 

solution    "  =  —  76 

In  aqueous  solution,  as  strong  as  possible [ar]y=  —  117 

HEMIELASTIN 

Water    .    .     .       .  p  —  2  509,     [a]D=  —  92  7°  (approx.) r' 

Elastinpeptone . 

Water ^  =  6.14,       [o:]/j=  —  87  9°  8 

1  Hoppe-Seyler    Ztseh  f  Chem  n  Pharm  von  Erlenmeyer  1864,  p  742 

"  Hoppe  Seyler    Ibid  ,  1864,  p  757 

8  Hoppe-Seyler   Loc  cit 

*  Bechamp    Bull  soc  chirn  ,  [3],  n,  152 

6  Horbaczewski    Ztschr  physiol  Chem  ,  6,  337,  343 

(l  Horbaczewski    Loc  cit 
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rf-Galactonic  acid  566 

calcium  sail  567 

multirotation  279 

d-  Galactose  579 

anilide  581 

carboxyhc  acid  569 

determination  496 

multirotation  .  .  262,  580 

oxime  581 

multirotation  262 

pentacetate  581 

phenylhydrazone  581 

structure                  .  62 

p  tolmde  581 

/-Galactose  5Si 

Galaheptilol  513 

3-Galaheptose  588 

Galaoctonic  acid  572 

Galaoctose  589 

Galbanum  oil  664 

Gallisin  604 

Geissospermine  697 

Gelatinous  substances  723 

Gentianose  607 

Geramol  ,   613 

Geranium  oil  664 

Ginger  oil            .  664 

Globulin  727 

a-Glucoheptomc  acid  £69 

structure  .  ,     64 


jS-Glucoheptomc  acid  ,         5 

multirotation  a, 
structure 

a-Glucoheptose  5! 

multirotation  2 

structure  .        i 

0-Glucoheptose  5 

structure   . 

<?-Glucomc  acid           .  51 

anhydride  51 
calcium  salt ...         ,      51 

multirotation  2' 

structure  ( 

/-Glucouic  acid  5< 

anhydride      .  5! 

.     calcium  salt  s< 

a-Gluconononic  acid  y, 

n-Glucooctitol          .  51 

a-Glncooctonic  acid  5; 

(3-Glucooctonic  acid  5; 

a-Glucooctose  58 
multirotation                  .      af. 
|3-Glucopentoxypitnehc  acid,  structure        6 

Glticoromc  acid  56 

anhydride  56 

potassium  salt  56 

Glitcosacchannic  acid  anhydride  54 

rf-Glueose  5! 

amine  hydrobromide  5? 

hydrochlonde  58 

anihde  sf 

derivatives          »  58 

de'erminatiou  40 

ethyl  mercnptal  5? 
in  presence  of  inactive  bodies  58 
nionochlorhydnn  tetracetate  58 

multirotation  at 

oxime  58 

multirotation  26 

paratoluide  5f 

pheiiylhydrazone  58 
multirotation    2f 

structure  f 
tetrasulphunc  acicl  chlonde  s^ 

tnsutphuric  acid  5? 

/-Glucose  58 

multirotation  it 

Glucosides  71 

synthetic  71 

Glucovauilhii  71 

d-Glutamme  54 
Glutaminic  acid,  density  of  active  and  ra- 

cemic  forms  i 

^-Glutaminic  acid  5, 

calcium  salt  5* 

hydrochlonde  54 

/-Glutaminic  acid  * 


744 
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y-Glutanunic  acid,  resolution            .  .   . 

1  02 

Hydroshikimtc  a«d 

u-Glutin         .  . 

723 

dihroraule 

jS-Glutin         ... 

723 

Hyoscine  . 

rf-Glycenc  acid 

523 

Hyoscyamine 

esters,  rotation 

290 

salt* 

salts,  solubility              .  . 

81 

Hyposanton  ic  and  . 

Glycocholic  acid 

719 

Iditol,  structure 

sodium  salt              .  . 

719 

rf-Idonic  acid 

Glycogen     .  . 

609 

/-Idomc  acid 

Gossypose  ... 

6°5    j                             structure 

Granunm       .  . 

610       Idose,  structure 

Grape  sugar               .  . 

582       Itnides  of  tartaric  acv! 

determination 

49»    !  Impenaline 

Gulomc  acid  lactone,  resolution 

101     )  Indifferent  bodies 

tf-Gulonicaad 

566       Inositol                                                     s     ^ 

anhydride 

566       Inulein 

structure                    .    . 

62 

Inulin 

Gulose,  structure                                .  . 

62 

Inversion  of  stijfgr 

Gurjon  balsam  oil 

664 

In\ert  sugar 

Helicin 

713 

aniinart'ie  *i&Iies 

Henucamphor  phenol 

649 

cu*npomti  ^n 

Hemielastin  .                                       .  . 

728 

effect  <if  temperas  i*r  t>n  ro- 

Hemlock  oil 

663 

tau^n 

Hemp  oil     , 

b£9 

infl.ueitet'-  <t*Ttct  tig  rotation 

Heptitols.                     ,                         .   . 

512 

Irtsin 

Hespendene 

614 

rf-Irone 

Hespendm     . 

714 

Isaconnine 

Heteroalbumose 

726                              h^.lro'i-utni  it- 

Hexitols 

511     I                          hydmchlomit 

<f-Hexylalcohol 

510                              h>  dn>iodide 

rf-Hexylcaproate     . 

514 

Isatrop>  Icocairte 

Homoaspartic  acid,  resolution  . 

102 

Isoamylanij  I  tthcr  . 

cinchonidme 

691        IsoapocmchcniTie 

acetj  1  derivative 

691     !                                        _h!o*   it-natiie 

hydrochlonde 

691     |                                        dihjd*  rhlo'ifle 

sulphate 

691       Isoborneo! 

cinchonme                   .            .   .   . 

6S6        Isobut3  lamv? 

dihydrochlonde  .  . 

636     |                     camjihent 

hydrochlonde 

6S6     '                      ethe-- 

Homoconic  acid                      . 

710       a-Isobut\.l  p.penimf 

Homoquinine 

677 

Isobutyl  valerate 

Hopoi!        .   .    . 

664 

Isocamprtfcnol 

Hydrastine     ..         ...                   ... 

671     i  Isocamtjfeolic  acid  «th%     ctnt' 

salts               

671 

Isocamnlionc  a^-nl 

Hydrastrame  .         ... 

671                                               denvt* 

Hydrocarbons 

505                                            este-s 

Hjdrochlorcinchonine  dihydrochloride 

6Sa       Isocholestcriti 

Hydroanchonidme                            .  .   . 

694       a-Isocinchonise 

acetyl  denvattve     .   . 

695     '                                  hydrwhlonde 

acid  sulphate      ... 

695 

3-Isocincb.onine 

hydrochlonde     . 

695 

hydnxhlondr 

neutral  sulphate 

695       Isoconine 

Hydronicotine        .         .                  .  . 

712                            benzojl  dcnrmtiw; 

Hydroquinicine            ...           . 

697 

Isocopelli>dine  re«o3ut>tm 

Hydroquinme                   .      .            .  .   . 

697    i  rf-Isocopellidine 

acetyl  derivative           .   . 

697    i  /-IsocopellidiTie 

neutral  sulphate 

697       Isodalcite 

t  & 


59  x 


61  1 


<=~j&6 
*^37 
505 


So 
&S5 


1x2 
7x2 


577 
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Isodulcite,  multirotation  

263      Xtevosin    .                                                 for 

Isodulcitan  '  .      .  .        ... 

w8      Xjevulan                                                           far 

Isodulcitomc  acid   .... 

546      lyevulose     ....                           .         580 

Isohespendin            

714                    carboxylic  ftcid                        .  <s6o 

Isomaltose     .               

604                    multirotation                         .  .  6*6 

Isopilocarpine 

708      Zficarene  ...                                   612 

hydrobromide     .  .  . 

708      Itficareol,  d-  and  /-                   .  .                  612 

hydrochlonde     .  . 

708     Licarhodol        .                                         613 

nitrate        

708                       acetate           *              .            611 

rf-Isopropylphenylchloraceticacid    .  . 

522      Lime  oil  .                                                 664 

Isopropylphenylglyeolic  acid,  resolution 

no      lyimonene  .                                      .     .    49 

rf-Isopropylphenylglycolic  acid  ...     . 

522      cf-Lteionene      .                                        .  614 

racemiza-                               benzoylnitrosochlonde        .  615 

tion  . 

94                           hydrocbloride   .         .            614 

/-Isopropylphenylglyeolic  acid  .  .  . 

522                           hydrochlor-nitrolbeuzylam- 

Isopulegol 

622                              ine            .  .                        615 

Isorhamnomc  add,  lactone  . 

546                          a-  and  0-mtrolanilides            615 

Isosacchanc  acid          .     .  . 

571                           a-nttrolbenrylamme               615 

diamide      .... 

571                          a-  and  £-nitrol  pipendme      616 

diethyl  ether    .      . 

571                         a-  and  0-nitrosochlondes  614,  615 

Isosacchann 

545      /-Limonene                                                   616 

/-Isoterebentheue 

632                        benzoyl  compound                    618 

rf-Isoterpene 

632                                      nitrosochlonde            617 

/-Isoterpene                  ... 

632                        hjdrochlonde                            616 

Isotrioxysteanc  acid 

544    '                    a-  and  £-nitrolamlides               617 

Ivy  leaf  glucoside 

714                        nitroso  compounds                    617 

Juniper  oil 

664                        a-  and  0-mtrol  pipendines        617 

Ketoses 

589    '                      a-nitrosochlonde                         616 

Koprostenn 

719    ,                     |3-nitrosochlonde                       617 

a-Lactacerol 

718                        tetrabromide                              616 

0-Lactacerol 

71$      /-Linalool                                               612,  613 

Lactalbunun 

725      Lithium  lactate  .                                   5^6,  517 

rf-Lactic  acid 

515                     malate                                           531 

/-Lactic  acid 

516    i  Lithofellmic  acid                                            723 

esters                         284,  516,  517      Lupeol                                                           717 

multirotation 

280      Lupeose                                                        607 

resolution     . 

107      Ljcaconitme                                                 663 

Lactobiose 

599      Lyxonic  acid                                                 545 

Lactoglucose     . 

579                             structure                                     60 

Lactose  .                  ....              wo 

601       Ljiose,  structure                                             60 

determination        

4$S      Mace  oil                                                        665 

multirotation  .  . 

265    |  /-Malamide                                                   564 

Lactosin  .         . 

612    |  Malic  acids                                        212,  526,  535 

Laudanidine     ....... 

704    '                       a  c  1  1  o  n  of  molybdates  and 

Laudanme  

704    i                          tungstates                              250 

hydrochlonde 

704    I                      densitj  of  different  forms          So 

Laudanosine     .  .  . 

704                          diamide                                     534 

Laurel  camphor     . 

640                          dianibde                                    534 

determination 

497    i                      di-o-  and  -/-toluides                   534 

rotation  of  solid  . 

15    !                      direction  of  rotation,  reversal 

Lavender  oil 

664    i                         of                                            201 

Lavendol  . 

612                          esters,  constitution  and  rota- 

Lemon  oil 

661                             tion             .            .            .   282 

dispersion  coefficient     . 

155                                   rotation            .         .  291 

Leucin,  solubility  

81    |                     in  different  solvents    .        .  528 

<£-Leucin 

518                          melting-point      83 

/-Leucin         

519                          naphtixnide            .      .      .      534 
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Malic  acid,  resolution  of  106 

rotation  dispersion  159 

Maltodextnne  608 

1        Maltose  601, 603 

determination     .  495 

multirotatiou  266 

Maltosacchannic  acid  anhydride  545 

Mandarin  oil  665 

Mandehc  acid,  density        .  So 

resolution      .  108 

rf-Mandelic  acid                             .  520 

racemization  94 

/-Mandehc  acid  5a° 

esters  .      520 

d-Mannitol  -          5" 

/-Manmtol  5" 

Manmtol  group,  action  of  molybdates       256 

action  with  borax      .      253 

melting-point  .  83 

structure  63 

Mannoheptitol                           .  .             5" 

melting-point  83 

d-Mannoheptomc  acid  .          569 

anhydride  570 

/-Mannoheptonic  acid  57° 

rf-Mannoheptose  265,  588 

/-Mannoheptose  588 

,           Mannonic  acid  anhydride  .   566 

resolution  107 

rotation  566 

structure  6s 

rf-Maiinouononic  acid  S74 

Mannononose  589 

Mannooctomc  acid  .   572 

rf-Mannooctose  588 

Mannosacchanc  acid  S71 

structure  .                  63 

rf-Mannose                            .  587 

oxime  587 

multirotation  .            263 

structure  62 

/-Mannose  58? 

Mastic  oil  665 

Matezitol                                   .  5:2 

Matico  camphor            .      .  .          658 

rotation  of  solid  14 

Matncana  camphor  656 

Melezitose                     .  .   606 

acetate         .  .                606 

Melibiose                       .         .  .  604 

Melitose  605 

„      Melitnose                  605 

Melting-pointof  active  and  racenuc  forms    83 

d-Menthene            ....  .  .         619 

7-Menthene                   .  620 

structure       .  .            .49 

/-Menthol  .               620 


/-Menthol,  beuzoic  acid  ester  621 

carbonate                           >  620 

phenylcarbamic  acid  ester  621 

phthalic  acid  esters  621 

succinic  acid  esters      ,  620 

tolylcarbamic  acid  esters  621 

urethane  620 
rf-Menthone    .                                            .   625 

dibrotn  compound  625 

oxime  625 

hydrochloride  625 

/-Menthone  625 

oxime  626 

hydi  ochlonde  626 

flf-Menthylamme  622 

acetyl  compound  .  623 

butyryl  compound  624 

formyl  compound  623 

hydrobromide  623 

hydrochlonde  623 

hydroiodide  623 
propionyl  compound       623 

/-Menthyl  ainine                     .  624 

acetyl  compound  624 

butyryl  compound .  625 

formyl  compound  624 

hydrobromide  624 

hydrochlon.de  624 

hydroiodide           .  624 
propiouyl  compound      624 
Menthyl  esters,  table  of                           .  621 

Mesotartaric  acid                    .  60 

Metasacchann  546 

Metasacchannic  acid  anhydride        .  546 

Metasantomn                               .  71; 

Methocodeine                       .  70, 

derivatives  70^ 
Methoxysuccmates,  solubility              .        8 

Methoxysuccimc  acid,  resolution  of  lof 

(f-Methoxysuccinic  acid  53* 

esters  53^ 
salts               536, 53; 

/-Methoxysuccmic  acid  53 

esters  53, 

salts  53' 

Methyl  acetylmalonate  531 

ainylether  501 

benzoylmalate  53' 

camphor  64 

codeine,  sulphate  70 

conine         .  701 
ester  of  methoxysuccmic  acid         53 

hexose  58 

hexyl  carbiuol  511 

hexyl  ketone  si' 

malate     .         .  53 

pipendme                   .  70 
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Mcthjl  propylphenjl  amyl  ethers  510 

tartaric  acid          .  554 

salts  555 

tartnmide                       %  .  561 

a-,  ni-,  and  /-toluylmalate  535 

valerate                              .  514 

Milk  sugar  .  599,  601 

birotation    .      .             .  600 

constant  specific  rotation  167 

determination            .  488 

multirotation  265 

oetoacetate           .  60 1 

a-Monobromcamphor                .  643 

sulphochlonde  644 

sulphonamide  644 

sulphomc  acid  644 

salts  644 

/3-Monobrom  camphor  645 

y-Monobrom  camphor  645 

Monocamphor  phenol  649 

Monocainphor  resorcin                    .  649 

a  Monochlorcamphor  642 

sulphochlonde  643 

sulphonamide  643 

sulphonates  643 

j3-Monochlorcamphor  643 

y-Monochlorcamphor  643 

Monoiodo  camphor  645 

Monomethyl  tartrate  554 

Morphine                                             .  701 

acetate                                .  702 

hydrochlonde  702 

sulphate  702 

used  in  resolution              .  104 

Mucicacid                                         .      .  571 

Mycose                            ,  .                 .  .  604 

Napellme                                 .             .  667 

a-  and  /S-Naphthol  camphor  .         .  649 

Narceine                       .       .  .  705 

Narcotine                        .       .             .  705 

Nanugin  714 

Natural  conine  708 

ma  he  acid  526 

Nicotine  710 

acetate                        .  711 

anomalous  dispersion  161 

constant  specific  rotation  168 

determination  .  .  503 

hydrochlonde          .  711 

minimum  specific  rotation  197 

neutral  sulphate            .  711 

rotation  in  different  solvents  181 

salts            711 

Nitrobenzoylcarvoximes            .  .  618 

Nitrocamphor                            .             .  645 

denvatives          .  645,  646 

quinine                     .  .  .  677 


Nitromanmtol 
Nitrosocamphor 
Nonsosaccharic  acid 
Octacetyl  dighicose . 

maltose 

mehbiose 
Oils,  ethereal . 
Onion  oil . 
Opianine 
Opium  alkaloids 
Orange  flower  oil 

oil 

Ordinary  milk  sugar 
Oubain 
Qxyacanthme 

hydrochlonde 
Oxyacids,  inultirotation 
Oxj'aldehydes 
Ory-a-amyrin 

a-Oxybutync  acid,  resolution  of 
/3-Oscybutyric  acid   . 
Oxycaniphocarboxyhc  acid 

esters 
a-Oxycmchonine 

hydrochlonde 
jS-Oxycmchonme 
Oxydimorphine 
Oxyethylbrucine  hydrochlonde 
Oxygluconic  acid 
Ozyketones 
Oxypropionic  acids 
Palma  rosa  oil 
Papavenne 
Paracholestenn 
Paracomne 
I  Paracotol 
Paralactic  acid 
Paraphytostenn 
Parasacchannic  acid 
Parasantonic  acid 

esters 


64 
57 


6oc 
66c 
«5 
"05 
701 
665 
66r 
599 
7H 
670 
670 
275 
574 
659 
107 
518 
650 
650 
687 
£87 
687 
704 
706 
568 
589 
518 
665 

705 
719 
710 
659 
515 
719 
54« 
715 
715 


Parasantonide,  constant  specific  rotation  167 

Parasorbic  acid  5i5 

Pancine  697 

Patchoulene  659 

Patchouli  camphor  658 

rotation  of  solid  15 

Paytme  669 

Pea  albumin  735 
Pennyroyal  oil 
Fentitols 


Fentoxypimehc  acids,  a-  and  )3- 

Feppermint  oil 

Phasol 

Phellandrene 

nitrate 
Phenacety  Icarvoaame . 


66S 
511 
572 
665 
718 
619 
619 
618 


46 
~ 

Fhenolamylether 

510 

?ropyl  amyl 

505 

Phenoxacrylic  acid 

49 

ether 

509 

(alic  ^ 

Phenyl  bromacehc  acid   . 

522 

malate 

535 

a-bromlactic  acid,  resolution 

no 

(v-pipendme      ,  . 

708 

£alto< 

chloracetic  acid            , 

521 

resolution 

.     H2 

tlaltot 

dibrombutyric  acid,  resolution. 

109 

/3-pipendine 

7IO 

Of  and  /3-dibrompropiomc    acid, 

tartrates  in  different  solvents 

206 

resolution   . 

108 

valerate 

514 

Maltq 

dichlorpropiomc  acid 

524 

Fropylene  diamine,  resolution 

112 

Mane 

a-  and  /3-dichlorpropioiuc    acid. 

glycol 

58 

Man*? 

resolution 

109 

oxide 

49 

ethylamme,  resolution 

"3 

Protein  bodies  , 

724 

rf-Ms 

mercaptunc  acid 

525 

Pseudo  ciuclionine 

686 

Phlein 

611 

dihydrochlonde 

687 

7-Ma 

Phlondzm 

713 

codeine    , 

703 

Photosantonin 

716 

hyoscyamme 

670 

rf-M 

Phytosterm 

719 

inulem 

610 

Hill 

Picien 

714 

morphine 

704 

Ma 

Picrotoxin 

717 

hydrochloride 

704 

Pilocarpidine 

708 

narceine 

705 

nitrate 

708 

Fulegone 

626 

Pilocarpine 

707 

bromide 

626 

Ms 

hydrobromide 

708 

oxime 

626 

hydrochlonde 

708 

oxime 

626 

d-1 

nitrate 

708 

hydrochloride 

626 

sulphate 

-08 

Ptyalose 

601 

W 

Pine  needle  oil 

663 

Pyroaconine  hydrochlonde 

667 

d* 

rf-Fmene 

629 

Pyroacomtme 

667 

/-] 

dibromide 

630 

hydrobromide 

667 

X 

hydrochlonde 

630 

Pyroglutaminic  acid,  d-  and  l- 

543 

/-Pinene 

631 

Pyrotartanc  acid,  resolution 

106 

hydrobromide 

632 

Quebrachine 

669 

hydrochlonde 

632 

Quebrachitol 

512 

c 

Fimtol 

512 

Quebrachol 

718 

i 

Pinol  hydrates,  d-  and  l- 

638 

Quinamicine 

694 

Pipecohne 

708 

Quinamidine 

694 

resolution  of  a-  and  J3-  forms  , 

hydrochlonde 

694 

in 

112 

Quinainine     . 

693 

Pipecottnic  acids,  ft-  and  /- 

515 

hydrobromide 

693 

Pipenne 

708 

hydrcchlonde 

.   693 

Podocarpinic  acid 

666 

hydroiodide 

693 

Polei  oil 

626 

nitrate 

.   &94 

Polyterpen.es 

658 

perchlorate 

694 

i 

Populm 

713 

Quinic  acid  . 

565 

Potassium  antimonyl  tartrate 

553 

salts 

565 

1 

arsenyl  tartrate  . 

553 

Qumicme 

678 

ethyl  tartrate 

556 

oxalate 

678 

hydromalate 

531 

Quinidme    . 

678 

malate 

531 

acetyl  derivative 

680 

tartrates    

548 

acid  hydrochlonde 

679 

Propeptones 

726 

acid  sulphate 

679 

• 

Propionylquinine 

677 

neutral  hydrochlonde 

.  .   678 

d-Propoxysuccinic  acid 

539 

neutral  sulphate 

679 

salts 

539 

nitrate 

679 

* 

/-Propoxysuccimc  acid 

539 

oxalate 

,      680 

salts  and  esters 

539 

used  in  resolution 

103 

Propyl  acetylmalate 

535 

Quinine 

673 
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Quinine,  acetyl  derivative 

463 

anhydride 

673      Saccharoses  ....              .      .  .  596  to 

604 

determination 

498      Salicm         ..          .      ....         .. 

71% 

disulphate 

675      Salicylic  acid  camphor       .  . 

649 

hydrochloride 

523 

nitrocamphor  derivative 

677                    A-  and  /isopropylphenyl  glycolic 

oxalate 

522 

propionyl  derivative 

677                     lactic  acid  . 

516 

sulphate     ...                 ... 

675                    malic  acid       .  .  . 

53* 

sulpbonic  acid 

676                    d-  and  Amandelic  acid  . 

520 

used  in  resolution                  .  , 

103                     jJ-oxybutync  acid 

518 

Racemic  acid,  resolution  . 

104                    oxypropionicaad     . 

sis 

Raffinobiose                    ... 

604                     rf-tartaric  acid 

548 

Ramnose                         .  .     . 

605                     /-tartanc  acid                           .  . 

563 

Resin  acids 

666      Sandalwood  oil 

S65 

Rhammtol 

511       Santinic  acid     ... 

716 

Rhamnodulcite 

577      Santonicacid    . 

715 

Rhamnoheptonic  acid 

570                             esters 

715 

Rhamnoheptose           .  . 

588      Santonide 

715 

Rhamnohexitol               .  . 

512                        constant  specific  rotation  . 

168 

Rhamnohexonic  acid 

567       Santonin    bodies,    specific   rotation   for 

anhydride 

567                             different  colors 

716 

Rhamnohexose 

587                          dispersion  coefficient 

155 

multirotation 

265                          group. 

715 

Rhanmooctonic  acid 

572       Santonious  acid    . 

7»7 

Rhamnomc  acid 

546      Santonyl  bromide 

715 

multirotation 

278                        chloride 

715 

Rhamnose 

577                        iodide    . 

715 

constant  specific  rotation 

167       Sarcolactic  acid 

515 

multirotation 

263       Sassafras  oil 

665 

oxime 

579       Savin  oil 

665 

multirotation 

264       Scopolamme 

669 

phenyl  hjdrazone 

579       Seminose 

587 

Rhodmol,  d-  and  t- 

613       Serum  albumin 

724 

acetate 

613                 •  globulin 

727 

Ribomc  acid 

545    i  Sesquiterpenes 

658 

anhydride 

545       Shikimic  acid 

543 

cadmium  salt 

545                                ammonium  salt 

543 

structure 

60                               bromide 

544 

Ribose,  structure 

60                               derivatives. 

543 

Rtcmelaidic  acid 

519       Silver  fir  oil 

663 

Ricmoleic  acid 

519       Simstnn 

611 

Rtcinstearoleic  aad 

519       Sobrerol,  density  of  active  and  racemic 

Rochelle  salt 

550                forms 

So 

Rosemary  oil 

665    ,  Sodium  ammonium  tartrates              552, 

563 

Rubidium  tartrate,  rotation  of  solid 

16                      arsenyl  tartrate 

553 

Russian  oil  of  turpentine 

629                      malate  and  hvdromalate 

531 

Saccharic  acid 

570                      tartrates 

54» 

ammonium  salt         .  . 

570    '  Soluble  starch  . 

607 

multirotation 

278       Sorbm 

582 

structure 

63    ,  Sorbmose 

582 

Sacchanmetry 

463       Sorbitol 

51* 

Saccharin                   .  .                  .      . 

545                    structure       .  . 

63 

multirotation 

280      Sorbose. 

582 

Sacchannic  acid,  multirotation 

280      Sparteme. 

708 

Saccharonic  acid  and  anhydride 

568      Spike  oil  .  . 

666 

Saccharose        .            .         .        596,  597, 

598    !  Staphisagnne 

707 

Star  anise  oil  666 

Starch,  soluble  6°7 

sugar  582 

Storax  oil  ^6 

Strychnine  7°s 

salts  7°6 

sulphate,  rotation  of  solid  17 

used  in  resolution  103 

Strychnos  alkaloids  7°6 

Sugar  596 

cause  of  multirotation  273 

changes  in  rotation  '94 

directions  for  tests  467 

formulas  for  specific  rotation  195 

in  confectionery  487 

rotation  in  piesence  of  alkalies  251 

temperature  effect  ,  598 

Sweet  marjoram  oil  666 

rf-Sylvestrene  618 

dihydrobromide  6iS 

dihydrochloride  619 

nitrolbenzylamine  619 

tetrabromide  619 

/-Sylvestrene  6' 9 

Synthetic  conine,  resolution  112 

glucosidet>  7H 

Syntomn  727 

Tahtol  512 

structure  63 

Talomucic  acid  62,  571 

Talontc  acid  567 

stnicture  62 

Talose,  structure  62 

Tanacetone  626 

Tanmc  acid  573 

Tannin  573 

Tansy  oil                     ,  666 

Tarragon  oil  666 

Tartar  emetic  553,  563 

action  of  alkali  salts  245 

rf-Tartaric  acid  546,  547 

action  of  molybdates  and 

tungstates  24.8 
density  of  active  and  ra- 

cemic  forms  So 
effect  of  boric  acid  on  ro- 
tation 246 
esters  554  to  563 
meltmg-pomt  83 
rotation  dispersion  157 
solubility  8r 
specific  rotation  of  dilute 

solutions  •        196 

structure  60 

ATartanc  acid          ,  562 

ammonium  salt ,  563 

calcium  salt  564 


-Tartanc  acid,  potassium  antimonyl  salt  563 
sodium  salt  563 
?artrates,  acid  ammonium  548 
boryl  552 
lithium  548 
potassium                  .  548 
sodium  54& 
thallium                     .  549 
ammonium  551 
— potassium  .  551 
—sodium     .  552 
lithium.  55i 
magnesium                 ,      .  552 
potassium  549 
— antimonyl  -  553 
— boryl    .  .      .  552 
sodium  550 
— potassium              .  5<jo 
— boryl  552 
thallium             .               .  553 
—ammonium  554 
— antinioiiyl  554 
— lithium  .   554 
—potassium  553 
—sodium .  534 
and  malates,  combinations  564 
dissociation  225 
formation  of  racemic  bodies        91 
influence  of  alkali  salts  on  ro- 
tation 243 
transition  temperatures  91 
water  of  crystallization  of  dif- 
ferent forms  79 
Tartnmides                                             561,  564 
Tartromalainides  564 
Taurochohc  acid  719 
sodium  salt  719 
Temperature,    influence   on  rotation  of 

sugar  598 

Terebenthene  629 

Terecamphene  628 

acetate  629 

formate  629 

hydrochloride  628 

Terpan  group  614 

rf-Terpineol  622 

/-Terpmeol  622 

formate  622 

Tetrahydronaphthylene  diamiue  511 

resolution  113 

Tetrahydropapa venue,  resolution  114 

Tetrahydroqmnaldine  .   712 

resolution  113,  114 

Thebame  .       704 

hydrochlonde  704 

Thuja  oil .  .   666 

Thujone  626 


INDEX  OF  ACTIVE  SUBSTANCES 


751 


Toluylcarvoximes,  o-,  »/-,  and  p- 

5ih       V&leralcloxime  .....      .            . 

5Q9t  5'4- 

Toluyltartanc  acid  esters 

Trehalose 

604      /-Valeric  acid    .                 .  . 

.    5H 

Trehalum         i 

607      Valenc  acid  esters     . 

514 

Triacetylshikimic  acid 

543                                      rotation 

ago 

Trianiylacomtate 

508                            resolution  of 

107 

Triamj  Itncarballj  late 

508       V&lerum  oil       .         . 

666 

Tnchlorcaraphor 

643    \  Venetian  turpentine 

631 

Trnsobutyrj  Ishikituic  acid 

544       Viscose        ... 

609 

Trioxyglutanc 

567    i  Vitellm  . 

72? 

potassium  salt 

567      Volemitol    . 

513 

structure 

61       Wheat  albumin 

725 

Tnpropionylshikimic  acid 

544       Wood  gum 

6ir 

Tnterpene 

659      Xylan 

611 

Tnticin 

611       Xylitol 

5" 

Tropic  acid,  d-  and  /- 

522                    structure 

61 

resolution 

icS    '  Xylomc  acid 

545 

Tropinic  acid 

701    i                        multirotation 

280 

Turpentine 

639,  631                              strontium  salt 

545 

oil 

663      Xylosazone  . 

576 

dispersion  coefficient 

155       Xylose  . 

575 

rotation  in  different  liquids  177    '                multirotation 

260 

rotation  of  mixed  oils 

240                   structure 

60 

Turpethimc  acid 

667    '  Ylang-ylang  oil 

666 

Tyrosm 

535    '  Zinc  lactate                                  .  . 

516,  SI7 

Valeraldehjde 

5&9  5'3 

ERRATA 

On  page  60,  half  the  structural  formula  for  xj  lose  and  xylonic  acid  is  mibsmg 
On  page  684,  read  ctnchonifine  for  cinchomdme 


